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ABSTRACT 
The study of active margin channels has become more accessible with the increased 
amount of high resolution three dimensional seismic surveys.  Channels play an important role in 
sediment transport from continental region to the sea floor basin.  Slope channels are also important 
reservoirs for petroleum. The Kokako three dimensional seismic survey located west of the 
Taranaki Peninsula of North Island New Zealand in the Taranaki Basin was used to study Tertiary 
slope channel development.   Eight horizons were mapped and surfaces generated to study the 
timing of development and morphology of channel systems.  Dimensions of channel depth, 
channel width, and channel length were recorded, and channel sinuosity and width to depth ratios 
were calculated.  Channels found in this region occurred as both individual channels, channel 
complexes, and as confined channels within a canyon.  Stacking patterns observed included 
components of vertical aggradation as well as lateral migration.  Channels on the surfaces had both 
straight and sinuous morphology.  Channel depth ranged from 11 to 393 m, channel width ranged 
from 65 to 4,462 m, and centerline length of the measured channel ranged from 537 to 47,426 m. 
Channel sinuosity in the study area ranged from 1.00 to 1.39, and the width to depth ratio ranged 
from 3 to 63.  A number of channel dimensions observed in this study increase in width and 
decrease in thickness as they move upwards in the stratigraphic column.  This trend of increasing 
width and decreasing thickness during channel evolution indicates that the channels developed 
such that the base morphology changed to no longer provide accommodation for channel fill, 
causing a loss of sediment confinement and increase in width.  The observed trend in channel 
aspect ratio and lack of levees indicate that flows responsible for these channels were sheet-like 
turbidity currents. 
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CHAPTER 1  
INTRODUCTION 
1.1 Background and Significance 
Worldwide, submarine channels have been documented in present-day seafloors, ancient 
successions, and in areas of hydrocarbon exploration and development (Clark and Pickering, 
1996).  A more complete understanding of deep-water depositional systems exists today due to the 
availability of high quality three dimensional seismic data.  In past studies outcrops provided much 
of the known information about deep-water systems.  In recent years, the petroleum industry’s 
interest in deep-water exploration has advanced our current understanding.  This interest exists 
due to the recognition of deep-water channels as important hydrocarbon reservoirs (Heiniö and 
Davies, 2007). 
Three dimensional seismic data provides a view of the deep-water environment that can be 
mapped and shows a geomorphologic perspective which can be analyzed and used to identify 
depositional elements.  Mutti and Normark (1991) define depositional elements as “the basic 
mappable components of both modern and ancient turbidite systems and stages that can be 
recognized in marine, outcrop, and subsurface studies”.  Deep-water exploration can be used to 
assess shallow drilling hazards, to improve reservoir models by providing architectural 
information, and to infer sedimentation process and recognize depositional environments (Steffens 
et al., 2004). Previous work on deep water depositional systems ranges from Carvajal’s (2009) 
focus on sediment supply and its effect on shelf-margin architecture for moderately deep water 
margins and very deep water margins to Posamentier’s (2003, 2005) studies of seismic 
geomorphology and seismic stratigraphy of deep-marine levee channel systems in many locations. 
2 
Additionally Normark and Mutti (1987, 1991) compare modern and ancient submarine fan systems 
of similar depositional systems based on size, effect of syndepositional tectonic activity mobility 
of the crust and volume of available source sediment.  Jobe et al. (2011, 2012, 2015, and 2016) 
has examined submarine channel belt architecture, mobility, and trajectories, as well as types of 
submarine canyons and Shumaker et al. (2016) evaluated gully evolution and morphometric 
relationships over a constrained timespan within the Taranaki Basin in New Zealand.  Covault et 
al. (2011, 2016) has researched submarine channel evolution, the role channels play as sediment 
conduits, lobe architecture, channel morphology and fill.  Salazar et al. (2016) examined the spatial 
and temporal relationship between depositional patterns and tectonic activity in the Giant Foresets 
Formation.   
1.1.1 Slope Channels 
A submarine channel is a conduit that carries sediment to deep sea basins by mass 
movements and sediment gravity flows  (Covault et al., 2016).  Channels constantly adjust their 
profiles, and when equilibrium is achieved they form a concave-up profile through adjustments 
caused by erosional and depositional processes (Pirmez et al., 2000; Adeogba et al., 2003; Kneller, 
2003).  This behavior has been confirmed in studies of the Amazon Fan, Nigeria, the Gulf of 
Mexico and the Rhone Fan which “all indicate that over time, channel-levee systems attempt to 
establish a concave upwards longitudinal profile from the shelf to the basin floor, despite the 
influence of deformation which continuously modifies the slope profile” (Pirmez et al., 2000; 
Clark and Cartwright, 2011).  On continental slopes, channels can originate at or near the shelf 
edge or as much as hundreds of meters downslope from this edge (Jobe et al., 2011; Shumaker et 
al., 2016). Figure 1.1 illustrates a cross sectional view of a slope system where a channel can form 
with the shelf, shelf break, slope, and basin labeled.  For the purposes of this study the term 
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“channel” will not have a distinction from the term “gully”.  Clark and Pickering (1996) discuss 
the difficulty of distinguishing gullies, channels, and canyons and state that there is a consensus 
that there does not exist a standardized distinction between these terms.    
Figure 1.1: Cross-sectional simplified view of a slope system labeling the corresponding parts of 
the system (shelf, shelf break, slope, and basin)
A geometric model of channel/canyon initiation and development was proposed by 
Sylvester et al (2011) and has been used by Kolla et al (2012), and similar concepts are reflected 
by Schwarz and Arnott’s (2007) description of channel development in their study area.  A channel 
or canyon begins as an incision which is caused by high velocity turbidity currents, this channel 
or canyon then experiences periods of potential backfilling of the erosional channel, migration, 
aggradation, deactivation of the channel or canyon caused by a decreasing flow energy, and/or 
partial filling (Kolla et al., 2007; Schwarz and Arnott, 2007; Sylvester et al., 2011).  While the 
general process of incision caused by high-energy debris flows and the deactivation of channel or 
canyon growth due to a decrease or stop in the flow (passive fill) are required to make a channel 
or canyon, the steps in between can differ.  Channel aggradation and/or migration depends on the 
conditions present after initial channel deposition. Changes in channel morphology throughout the 
seismic section is directly related to the depositional environment and flow parameters (Kolla et 
al., 2007).  Lateral migration of channels is favored by flows of short duration with high energy 
(Kolla et al., 2007).  Major cuts lead to erosion which is caused by very high-energy and long-
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duration flows, vertical aggradation causes deposition due to low-energy flows with some highs 
for an extended period of time, and lateral migration causes bypassing from high- and low-energy 
flows for a short duration (Kolla et al., 2007).  However, in deep-water systems, irrespective of 
grain size, flows favor vertical aggradation because flow parameters exert a large control on the 
system and grain size and the valley gradient does not limit vertical aggradation as much as it does 
in a fluvial system (Kolla et al., 2007). 
Density currents flow downslope due to gravity acting on the density difference between 
ambient seawater and the flow (H. W. Posamentier and Walker, 2006).  A special case of density 
flow is called a turbidity current.  The downslope movement of this flow maintains the turbulence 
caused by the increased density due to sediment suspension within the flow (H. W. Posamentier 
and Walker, 2006).  There are two mechanisms by which turbidity currents can originate: “some 
begin with large sediment slumps that accelerate and become turbulent. Many of these slumps are 
triggered by earthquakes” (H. W. Posamentier and Walker, 2006).  Secondly, a turbidity current 
can originate from the deposition of a sediment charged river flow directly onto the slope (H. W. 
Posamentier and Walker, 2006).  The shelf or upper slope is considered the staging area, or the 
location from which flows originate (H. W. Posamentier and Walker, 2006). 
Classification of flow types has improved as additional studies of ancient and modern 
submarine fans and related turbidite systems have been completed.  Bouma published the first 
generalization concerning turbidites in his 1962 work regarding the internal structures in individual 
turbidites, and this is now known as the Bouma sequence (H. W. Posamentier and Walker, 2006). 
The Bouma sequence creates divisions of turbidites describing the ideal vertical succession of 
structures deposited by low-density turbidity currents.  It ranges from generally structure-less 
resulting from a rapid deposition to parallel lamination in sand, ripple cross-lamination, thin 
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laminae of silt and clay, and pelitic with a small proportion in hemipelagic mud (H. W. 
Posamentier and Walker, 2006).  An additional classification scheme by Middleton and Hampton 
(1973, 1976) defined flow type by the nature of the dominant sediment-support mechanisms 
(Lowe, 1979).  Under this classification scheme there were four types of sediment gravity flows: 
turbidity currents, fluidized sediment flows, grain flows, and debris flows (Lowe, 1979).  In 
turbidity currents, the sediment support mechanism was fluid turbulence: fluidized flow had 
escaping pore fluid as the sediment support mechanism, grain flow used dispersive pressure as the 
sediment support mechanism, and debris flows had a sediment support mechanism of matrix 
strength (Lowe, 1979).  Lowe and Nardin modified this naming process in 1979 by suggesting that 
classification and nomenclature be based on both flow rheology, fluid versus plastic behavior, and 
particle support mechanism (Lowe, 1979).  This modification redefined fluidized flows, and the 
term “liquefied flow” was added (Lowe, 1979).  The updated nomenclature is as follows: in 
turbidity currents the sediment is supported by the turbulence within the flow (fluid turbulence), 
in fluidized flows the sediment is fully supported (fluidized) by upward moving fluid, in liquidized 
flows the sediment is not fully supported but is settling through its escaping pore fluid, in grain 
flows the grains are supported by grain dispersive pressure, and in debris flows the larger grains 
are supported by a cohesive matrix (Lowe, 1979).  A further modification to the classification 
scheme was introduced by Roger Walker in 1978 when he emphasized facies and depositional 
environments rather than the mechanics of turbidity currents and related processes (H. W. 
Posamentier and Walker, 2006).  Walker proposed a model that brought together modern fans and 
ancient rocks but it had severe limitations (H. W. Posamentier and Walker, 2006).  No 
consideration was given to the influence of grain size of local and regional tectonics and the 
distribution of sand and mud on the fans was incorrect, but most importantly the models did not 
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incorporate the influences of relative sea-level fluctuation (H. W. Posamentier and Walker, 2006). 
In this classification scheme the categories are descriptive and based on grain size, as follows: “(1) 
classical turbidites, (2) structureless sandstones, (3) pebbly sandstones, (4) conglomerates, and (5) 
various types of deformed rocks” (Henry W. Posamentier and Walker, 2006).  Later, Posamentier 
and Walker published a review paper of facies models citing that “The role of grain-size 
distribution within a flow as well as in a succession of flows is critical to understanding the 
evolution of depositional elements, especially those on the basin floor” (Henry W. Posamentier 
and Walker, 2006).  Additionally, the authors cautioned against adopting overly simple facies 
models within a deep-water environment, as it is a potentially complex depositional setting and 
the complexity of a facies model should be built upon observed and inferred depositional elements 
(Henry W. Posamentier and Walker, 2006).  
In this paper, one distinction between slope channels and canyons “is that canyons 
consistently fully confine the flows that pass through them whereas slope channels only partially 
confine the flows that pass through them” (H. W. Posamentier and Walker, 2006).  The following 
information was used to determine characteristics between channels and canyons that could be 
applied to the channel forms in the Taranaki Basin study area. Shumaker et al (2016) observed 
channels in a nearby study area of the Taranaki Basin to be “400– 1000 m wide and 50–180 m 
deep, with a maximum likelihood aspect ratio of 10.5” (Shumaker et al., 2016).  Clark and 
Pickering (1996) note that an aspect ratio of 10:1 is common for channels and Jobe (2011) 
documents canyons located offshore Equatorial Guinea to have an aspect ratio of 9 and a scale of 
1300 m in width and 150 m in depth.  Additionally, Hubbard et al (2014) observed that “Channel 
form features mapped in three-dimensional seismic volumes range from hundreds to thousands of 
meters across and tens to hundreds of meters thick” (Mayall et al., 2006; Jobe et al., 2011; Janocko 
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et al., 2013; Hubbard et al., 2014) and distinguished that slope channels were “typically less than 
400 m wide and less than 30 m thick” (Hubbard et al., 2014). For this paper a channel will be 
defined as a small and narrow feature that is a few tens to several hundreds of meters or less wide 
(Kolla et al., 2012).  To be classified as a channel, a feature must have an aspect ratio up to and 
including 10:1 and fall within a depth of 50-180 m and with a width of 400-1000 m. Canyons in 
the survey area must have a width larger than 1000 m, a depth larger than 180 m, and an aspect 
ratio larger than 10:1.  In previous studies completed on datasets in the area, Shumaker et al (2016) 
defines submarine gullies as “straight, regularly spaced channels an order of magnitude smaller 
than submarine canyons, found on continental slopes and steep areas of seafloor worldwide.” 
However, in this study no distinction will be made between a channel and gully.  Spillover from 
the tops of the flows passing over partially confined channels results in the construction of levees 
on the flanks of the channels (H. W. Posamentier and Walker, 2006).  When the flows are fully 
confined, as in the case of canyons, levee construction does not occur.  An additional “distinction 
between canyons and slope channels is that whereas both can be deepened by the passage of 
turbidity currents canyons are more likely to widen by mass wasting on the canyon walls than are 
slope channels” (H. W. Posamentier and Walker, 2006).  Canyon fill in seismic reflection is 
commonly characterized by chaotic contorted seismic reflections with moderate to low-amplitude 
(H. W. Posamentier and Walker, 2006).  Figure 1.2 illustrates a seismic cross sectional view using 
data from this study of both a canyon and a channel.  
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Figure 1.2: Seismic interpretation window in cross section illustrating A) Canyon with deposits 
of confined sediment gravity flow and B) Channel with deposits spilling over the sides 
1.1.2 Depositional Controls 
Processes dictating channel formation and the role channels play in deep-water sediment 
transport are poorly understood (Shumaker et al., 2016).  Submarine continental margins and the 
receiving basin control the characteristics of deep-water systems and depositional fans by their 
morphology and sediment supply (Normark, 1985; Mutti and Normark, 1987).  The distribution 
of accommodation, defined as “the difference (either positive or negative) between the actual slope 
profile along the channel flow path and the hypothetical equilibrium profile” is a key control on 
channel morphology (Prather, 2003; Smith, 2004; Clark and Cartwright, 2011).  The interaction 
of sediment gravity flows above the channel and the seafloor in and around the channel results in 
submarine channel evolution (Covault et al., 2016).  It is common for channel bodies to 
amalgamate and form a composite channel body when avulsion of younger and older channel 
bodies occurs (Gibling, 2006).  Stratigraphic evolution of submarine channels is broken down into 
the creation of composite, large-scale, bounding surfaces due to incision and lateral migration of 
the channel floor during early channel-system evolution (Covault et al., 2016).  Subsequent 
evolution involves the aggradation and stacking of leveed channels (Deptuck et al., 2003, 2007; 
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Posamentier and Kolla, 2003; Mayall et al., 2006; Hodgson et al., 2011; McHargue et al., 2011; 
Sylvester et al., 2011; Janocko et al., 2013; Bain and Hubbard, 2016; Covault et al., 2016). 
Examples of stacking patterns observed in stratigraphic cross section of channels are shown in 
Figure 1.3.  Vertical aggradation is the vertical stacking of channels that incise each other while 
lateral migration is the movement of channels horizontally while incising previously formed 
channels.  Vertical aggradation and lateral migration are not exclusive of each other, and one can 
observe combinations of both modes of cut and fill. This movement can occur as a result of 
“relatively continuous erosion discrete cuts, or less deposition on the concave (outer) bank and 
more deposition on the convex (inner) bank (Imran et al., 1999); or as a result of episodes of 
distinct and discrete channel-wide cuts and fills (Kolla et al., 2007; Maier et al., 2013). 
Figure 1.3: Cross-sectional simplified view of A) Vertical Aggradation B)Lateral Migration with 
an arrow shownig direction of migration  
1.1.3 Active versus Passive Margin Channels 
Before the abundance of seismic data sets, passive margins provided most information on 
channels as they were the most available to study (Clark and Pickering, 1996).  Due to 
improvements in seismic resolution and increased interest in obtaining seismic surveys for 
potential reservoir evaluation, the research on active margins is increasing.  Channels in outcrops 
present difficulties when interpreting channel geometry because one may not know if they are 
looking at true or complete channel planform and sectional area of ancient channels (Clark and 
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Pickering, 1996).  Limited outcrop exposure, lack of good stratigraphic marker horizons, difficulty 
distinguishing overbank muds from channel fill muds, and post depositional deformation may lead 
incomplete or imperfect interpretations (Clark and Pickering, 1996).  Active margins are subject 
to tectonic and sedimentary influences including erosion of the slope by mass wasting events such 
as submarine landslides and slumping, turbidity currents, changing geometry of clinoforms and 
existing basin floor which can lead to differing impacts on morphology, sediment gravity flow, 
seascape, erosion and deposition controlled by the stability and gradient of the seafloor (Stow et 
al., 1984; Bouma, W R Normark, et al., 1985; Normark, 1985; Mutti and Normark, 1987; 
Shanmugam and Moiola, 1988; Normark and Piper, 1991; Carvajal et al., 2009; Piper and 
Normark, 2009; Covault et al., 2011).  Active and passive margins exhibit morphological 
differences that can be attributed to processes governing their formation (Emery, 1980; Uchupi 
and Emery, 1991; Harris and Whiteway, 2011).  Active margin morphology is controlled by 
tectonic and magmatic processes while passive margin morphology is controlled by erosion and 
deposition processes (Harris and Whiteway, 2011).  Harris and Whiteway (2011) document in 
their research that active continental margins (excluding islands) contain fifteen percent more 
canyons than passive margins.  Active environments including islands contain fifty percent more 
canyons than passive margins (Harris and Whiteway, 2011).  Generally, passive margins have a 
wider shelf of 50-300 km while active margins have a narrow shelf of a few km to 15 km, with a 
few exceptions (Sømme et al., 2009; Ono, 2017).  Active margins have a relatively steep 1.4° - 
6.8° shorter slope that is 9-72 km in length, while passive margins have a relatively smooth gentle 
slope 0.8°-3° that is longer at 24-200 km in length (Sømme et al., 2009; Ono, 2017).  While some 
studies have demonstrated differences in submarine landslide occurrence and morphology between 
active and passive margins(Greene et al., 1991; McAdoo et al., 2000; Laursen and Normark, 2002), 
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no study has demonstrated a statistically significant difference in canyon morphology between the 
margin types (Harris and Whiteway, 2011).  Canyons in active and passive margins have been 
noted to differ in that canyons on active continental margins are more dendritic and more closely 
spaced than canyons on passive margins (Harris and Whiteway, 2011). 
1.1.4 Channel Types 
Channel morphology is commonly subdivided into straight, sinuous, meandering, and 
braided channels (Ethridge and Schumm, 2007).  In order to categorize channel types, the 
classification presented in Ethridge and Schumm (2007) which uses the planform geometry of a 
channel to calculate sinuosity was utilized in this study.  Sinuosity is a measure of the length 
measured down the centerline of the channel divided by channel length. Channels with a sinuosity 
less than 1.1  are considered straight, channels with a sinuosity between 1.1 and 1.5 are considered 
sinuous, and channels with a sinuosity larger than 1.5 are considered meandering. The primary 
controlling factors of sinuosity evolution are: flow volume and velocity, valley or flood-plain 
gradients, effects of channel curvatures on flows, channel bank cohesiveness and initial 
morphologies of channels, and sediment load and grain size (Kolla et al., 2007). 
1.2 Scientific Objective 
The purpose of this study is to investigate channelization on deep-water slopes of the 
Taranaki Basin, New Zealand.  An available 3-D seismic dataset of the Miocene-Pliocene shelf-
margin clinothems from the back-arc basin provides high resolution data for this project.  This 
research is linked to a recent outcrop study that hypothesizes a high degree of channelization on 
active margin slopes, both in confined canyon settings as well as on unconfined slopes (Ono, 
2017).  The aim of this project is to test this hypothesis on seismic data and document the 
distribution of channels in the seismic volume 
12 
As part of my study, I will interpret three dimensional seismic lines, pick horizons and 
model the architecture of the surface.  Commensurate with any interpretation of seismic lines, I 
acknowledge that my results are limited by my ability to precisely and accurately interpret the 
dataset for this project.  
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CHAPTER 2  
GEOLOGIC BACKGROUND 
2.1 Geologic Overview 
The Taranaki Basin is an active Miocene to present day volcanic back arc basin.  It is 
located in the Tasman Sea off of the western coast of New Zealand and has a total area of 330,000 
square kilometers both onshore and offshore (Salazar et al., 2016), Figure 2.1.  The basin is 
approximately 400 km west of the Hikurangi trench and 200 km above the subducting Pacific plate 
(Funnell et al., 1996).  The Taranaki basin extends from the Taranaki fault zone westward 
underlying the onshore Taranaki Peninsula and continues offshore beyond the edge of the 
continental shelf (Palmer and Bulte, 1991).  It is New Zealand’s only hydrocarbon producing basin 
and produces an estimated cumulative 52 kL of recoverable oil/condensate and 141x106 m3 of gas 
(Muir et al., 2000). 
2.2 Structural Evolution of the Taranaki Basin 
The Taranaki Basin formed in response to the breakup of the paleo-Pacific margin of 
Gondwana and is composed of a variety of superimposed sub-basins and depocenters (King and 
Thrasher, 1996).  Primarily, the Taranaki basin evolved as a marine basin which was initially part 
of the New Caledonia Basin and later connected to the wider Tasman Sea (King and Thrasher, 
1996).  The Taranaki basin has undergone a diverse and complex tectonic history including phases 
of rifting and passive margin development overprinted by several stages of foreland evolution and 
volcanism associated with the evolving pacific and Australian convergent boundaries (King and 
Thrasher, 1992, 1996).  
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Figure 2.1: Map from Palmer and Bulte, 1991 showing location of New Zealand in the Tasman 
Sea with larger map of the regional setting of the Taranaki basin highlighting the main 
morphological units of the continental shelf west of North Island, New Zealand 
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The development of the Taranaki Basin can be broken into three main phases: early, 
middle, and late, all of which are summarized in Table 2.1.  During the mid-late Cretaceous to 
Paleocene, early basin history, “intra-continental rift transform, characterized by locally rapid 
fault-controlled subsidence” occurred (King and Thrasher, 1996).  The New Zealand 
microcontinent was located along the eastern margin of the Australian continent from the 
Paleozoic to early middle Mesozoic (Carter and Norris, 1976; Palmer and Bulte, 1991).  Around 
75 MA (during the Cretaceous) seafloor spreading commenced, moving the New Zealand and 
Australian land masses apart, resulting in the formation of the Tasman Sea (Palmer and Bulte, 
1991).  A subparallel rift system developed between the Lord Howe Rise and present New 
Caledonia-New Zealand landmasses and formed the Reinga basin-New Caledonia trough and 
Fairway trough systems as well as their southward extension, the Taranaki Basin (Palmer and 
Bulte, 1991).  This spreading of the rift system ceased around 53 MA (Early Eocene) but, 
deposition continued to the present with local tectonically controlled interruptions (Palmer and 
Bulte, 1991).  Figure 2.2 highlights some of the above mentioned tectonic features and structural 
subdivisions of the Taranaki Basin.  
In middle basin history, Eocene to early Oligocene, tectonic quiescence and basin wide 
sedimentation patterns with post-drift thermal contraction and regional subsidence took place 
(King and Thrasher, 1996).  During the Tertiary period following the termination of normal fault 
activity, subsidence became more regional in the Taranaki Basin (King and Thrasher, 1996).  There 
are two main structural units of the Taranaki Basin: the Taranaki Graben and the Western platform 
(Palmer and Bulte, 1991), Figure 2.3.  The Western platform extends from the Cape Egmont fault 
zone to at least the continental shelf edge (Palmer and Bulte, 1991).  From late Cretaceous to 
Eocene this platform was affected by block faulting, and from 66 MA to present it has be relatively 
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stable except for the southeastern margin (Palmer and Bulte, 1991). The Cape Egmont fault zone 
Figure 2.2: Map of principal tectonic features and structural subdivision of the Taranaki Basin 
from King and Thrasher, 1996 with updates to the text formatting with the location of study area 
outlined by red polygon 
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Figure 2.3: Map from Palmer and Bulte, 1991 highlighting the major structural elements of the 
Taranaki basin including location of exploration wells and major faults with the location of study 
area outlined by red polygon 
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consisting of a series of steep, subparallel normal and reverse faults separates the Western platform 
and the Taranaki graben (Palmer and Bulte, 1991).  This graben extends from the downthrown 
eastern side of Cape Egmont fault zone east of the Taranaki fault zone and is dominated by 
compressional features on the eastern side (Palmer and Bulte, 1991).  Towards the end of the 
Cretaceous, the sea transgressed southeastward across the Taranaki Basin (Palmer and Bulte, 
1991).  From this time period to early Tertiary the Taranaki basin was an extensional basin 
dominated by normal faults, fault angle depressions, or half grabens (Palmer and Bulte, 1991). 
These half grabens were principle depocenters, in some places up to 2000m of sediment 
accumulated (Palmer and Bulte, 1991).  For part of the Paleocene, fault controlled subsidence 
continued in the south of the Taranaki Basin (Palmer and Bulte, 1991).  Through much of the 
Paleogene the Taranaki Basin evolved as a passive margin.  
During Late basin history: from the Oligocene to recent, deformation occurred caused by 
active margin evolution of the Australian-Pacific convergent plate boundary through New Zealand 
(King and Thrasher, 1996).  There are two tectonic settings in which the basin evolved: “active 
margin (eastern Mobile Belt) and passive margin (Western Stable Platform)” (King and Thrasher, 
1996).  Sea level fluctuated during the Miocene epoch and this regression continued into middle 
Miocene, when sediments collectively known as the Moki Formation were deposited across the 
Taranaki Basin (Palmer and Bulte, 1991).  During middle-late Miocene succeeding transgressive 
episodes coincided with the initiation of andesitic volcanic activity which started in the northern 
part of the Taranaki Basin (Palmer and Bulte, 1991).  A sandy sequence of late Miocene outer 
shelf and slope sediments were deposited in the northeast onshore Taranaki Basin which (Robinson 
et al., 1986) correlates to the Mt Messenger sandstone and suggested that the coarse sediment 
occurred in response to a rapid 150-200 m fall in global seal level around10 MA.  During the early 
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Pliocene to Pleistocene the deposition of the Giant Foreset formation resulted in an increased uplift 
in the east and south which led to infilling of depocenters and a rapidly prograding shelf edge to 
the northwest (Funnell et al., 1996).  It is generally accepted that the three zones of the Taranaki 
Basin, the Western province, Eastern province, and Median-Tectonic zone reached final accretion 
during the early Cretaceous (Muir et al., 2000).    
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2.3 Stratigraphy of the Taranaki Basin 
Surfaces mapped for this study are associated with two formations: the Mt. Messenger 
Formation and the Giant Foresets Formation.  The Takapou-1 well report describes the Giant 
Foresets Formation as “predominantly claystone with minor interbeds of siltstone sandstone and 
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conglomerate” (Morgans, 2006).  In the northern and western parts of the basin King and Thrasher 
1996 describe the Giant Foresets formation as consisting primarily of fine grained deposits of Plio-
Pleistocene age while as a whole the formation is described as mainly siltstones and mudstones 
interspersed with sandstones (King and Thrasher, 1996).  On a seismic profile this formation is 
best characterized “where depositional successions appear as stacked and progressively offlapping 
(basinward) sigmoidal wedges defined by clinofom-shaped reflectors” (King and Thrasher, 1996). 
Underlying this formation is the Mt. Messenger formation which as described by the 
Takapou-1 well report consists of “claystone, with minor interbeds of siltstone and sandstone” and 
finally the Moki Sands which is “interbeded clays, silts and sandstones” (Takapou-1 well report). 
King and Thrasher (1996) describe the Mount Messenger Formation as the predominant lithology 
consisting of sandstone.  The sandstone in this lithology  “are generally fine-to very fine-grained, 
and contain up to 20% mud” (King and Thrasher, 1996).  Additionally, King and Thrasher (1996) 
state that the depositional cycles of this formation fine upwards which is attributed to the 
development and subsequent abandonment of submarine fans. 
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CHAPTER 3  
DATA SET AND METHODOLOGY 
3.1 Dataset 
The Kokako 3D seismic reflection survey is located in the Tasman Sea off the coast of the 
Taranaki peninsula, New Zealand Figure. 3.1.  It is located northeast of the productive Tui oil field. 
WesternGeco (WGC) acquired the 593 square kilometer 3D seismic marine survey between the 
2nd and 21st of April 2013.  Bin spacing for this survey is 25 m for the inline by 12.5 m for the 
crossline with a sampling of 4 ms and a frequency of 3-18 Hz for the low cut filter, and 100Hz for 
the high cut filter, yielding a vertical (1/4 wavelength) average resolution of 14m (DownUnder 
GeoSolutions Pty Ltd, 2013).  In the seismic interpretation report authored by Bernice Herd the 
quality of this seismic data is described as excellent and is received down to the basement (Herd, 
2014).  In order to ensure proper measurements of channel dimensions Kokako, 3D has been 
processed to pre-stacked time migration (PSTM) and fully depth converted using a well-based 
polynomial equation.  This equation is a velocity model created based off of well and checkshot 
data within and bordering the survey area; it has been compared to depth conversion by average 
velocity to the horizon and layer cake with all three generating similar results.  The best fit equation 
used to depth convert is Depth= 219.16TWT2+734.42TWT, where TWT is in seconds and depth 
is true vertical depth (Herd, 2014).  Measurements generated from this equation were not corrected 
for post burial compaction.  Two wells penetrate the Kokako volume: Takapou-1 and Kopuwai-1. 
Seismic sections in this report show peaks in red and troughs in blue.  Depth measurements were 
calculated yielding a conversion of approximately 500 ms of two-way travel time (TWT) to 422 
m depth within the study interval. Table 3.1 lists the name of the created surfaces, depth in two-
way-time, depth in meters, and the corresponding formation name.
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Figure 3.1: A) Location map depicting permitted survey location outline by a red box off of the 
New Zealand Coast, Taranaki peninsula North Island; B) Area of seismic survey red polygon, off 
the Taranaki Coast New Zealand including wells Takapou-1 and Kopuwai-1 
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3.2 Methods 
Channels were mapped using strike-oriented cross-sections by both interpretation of 
channel geometry on cross section spacing of 50 m and point interpretation of thalwegs and 
margins, again with a spacing of 50 m.  Channels were traced in depth converted crossline 
interpretation windows with a spacing of 100 m and delineated using a combination of seismic 
interpretation skills.  Initially, the seismic survey was scanned for any obvious geomorphic shapes 
U or V, while also looking for onlap and downlap reflectors to discern continuity of the shape. 
This was followed by an examination of the survey for high amplitude reflectors to define channel 
geometry (Deptuck et al., 2003).  The bottom extent of channels and canyons was determined by 
a high amplitude seismic line delineating an erosional base on the lower most channel incision 
surface, and in addition to this the base of the feature was also reinforced by the orientation of 
onlap and downlap of the surrounding seismic lines defining a boundary between the channel and 
or canyon and surrounding sediment.  This method was repeated and used for all channel/canyon 
shape interpretations and used to delineate the extent of the base of these features.  Channel 
geometry highlighted in this study is illustrated in Figure 3.2.  In the three dimensional model 
(Figure 3.2a) dimensions are marked depicting how measurements will be made.  Figure 3.2b 
shows a channel in seismic section with the channel outlined and dimensions labeled.  Channel 
width was measured in meters as the maximum distance from channel edge to channel edge. 
Channel edge was determined as the inflection point caused by the change in geometry from a 
vertically inclined channel wall to a predominately horizontal channel bank.  Depth of the channel 
was measured in meters as the maximum distance from the midpoint between the channel edges 
to the base of the channel.  The base of a channel was determined by tracing the channel wall 
horizons to the deepest portion of the channel base, where the channel is no longer vertically 
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inclined.  Measurements made must be considered a minimum as they are seismic amplitude based 
and the channel-fill material may vary in its seismic reflectivity which may not be properly 
detailed.   Channel length was measured by taking the distance from the up-dip of the channel to 
its termination.  Two types of channel length were recorded: centerline length and channel length. 
Centerline length is depicted in Figure 3.2c as the length running down the center of the channel 
accounting for the sinuosity of the channel.   
Interpretations of major clinoforms within an interval spanning 500 ms to 2200 ms were 
manually interpreted and then smoothed into continuous surfaces.  This technique allowed for 
documentation of chronological and spatial relationships of the channels/canyons on each surface. 
Geometric data such as depth, width was documented for multiple channels/canyons along the 
different surfaces using crossline views of the seismic interpretation window.  Width calculation 
of channels/canyons was performed by measuring channel/canyon levee peak to channel/canyon 
levee peak on depth converted cross sections.  Channel/canyon width was measured from top 
extent of confining channel/canyon wall to top extent of canyon wall.  Depth calculation of the 
channels and canyons was completed by measuring from the center point of width to the base of 
the feature.  When measuring from the stratigraphic record, one captures a measurement of 
thickness rather than depth, however, this thickness is used to infer channel depth as demonstrated 
by Shumaker (2016), Moscardelli and Wood (2008), and Deptuck et al (2007).  Any mention of 
thickness in reference to the Kokako dataset from this point onward will be a thickness 
measurement used to infer depth.  Centerline length of channels and channel mapping was 
accomplished by using the polyline tool and tracing the extent of the channel in three dimensions, 
and measuring in two dimensions so as not to take vertical distance into account.   
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Surfaces were created from single horizons and used to visualize changes in channel 
morphology over time. Two measurements were taken from each section of interpreted surface: 
centerline length, and channel length.  A total of eight surfaces were chosen as representative 
surfaces spanning the dataset. Figure 3.3 shows an inline view of the surfaces and Figure 3.4 shows 
a crossline view of the surfaces.  Observations about the number of channels/canyons present were 
noted for each surface.  Measurements of channel/canyon length and centerline length were 
recorded to determine sinuosity of channels/canyons on these surfaces.  Additionally, the channel 
location on each surface was recorded (i.e. shelf, slope, basin).  
Figure 3.2: Geometry and dimensions of a channel A) Three dimensional view of a channel with 
dimensions labeled; B) Seismic image of a channel with the channel outlined by a yellow dashed 
line and the width and thickness/depth dimensions marked; C) Plan view of a channel 
demonstrating channel length (the extent of the channel from start to end) versus centerline length 
(the length running down the center of the channel marked by a dashed line) 
 26
3.3 Mapped Seismic Horizons 
The interpretation procedure used to map horizons for this study is described in Brown 
(2004): “1) automatic and manual tracking of horizons on vertical and horizontal sections 2) 
automatic spatial horizon tracking and editing through a 3-D data volume 3) correlation of vertical 
sections with well data 4) extraction storing and manipulation of seismic amplitudes 5) 
manipulation of maps 6) flexible use of color, and 7) extraction and use of seismic attributes.” 
Careful attention was paid to honor the geometry and amplitude values of individual reflectors so 
as not to stray from the horizon when picking individual horizons.  Seismic mapped horizons were 
named from the oldest horizon to the youngest; and the youngest surface is the highest numbered 
surface.  Channels occurring on each horizon were named alphabetically from the northwest to the 
southeast; if a channel could be associated with another surface above or below the current surface 
the name was kept the same.  A total of eight horizons were mapped and made into surfaces, and 
of these one was distinctly within the Giant Foreset Formation, while the deeper surfaces appear 
to be in Mt. Messenger Formation as summarized in Table 3.1 and visually represented in Figure 
3.5.  Naming of the formations the surfaces occur in, Giant Foreset or Mt. Messenger is based off 
of the Takapou-1 well report.  This well is located in the survey area and drill cuttings were 
collected by shell Todd Oil Services Limited and evaluated to determine the stratigraphic depth 
location of the specific formations based off of lithologic observation under a microscope 
(Limited, 2004).  
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Figure 3.3: Inline view of seismic interpretation window with all axes in depth with all eight 
surfaces displayed to show coverage of interpretation range 
Figure 3.4: Crossline view of seismic interpretation window with all axes in depth with all eight 
surfaces displayed to show coverage of interpretation range 
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Table 3.1: Table listing the created surfaces organized from the oldest, surface, 27, to the youngest, 
surface, 1, with the depth range in two-way-time and meters for each surface, and corresponding 
formation name for each surface 
Figure 3.5: Inline view of seismic interpretation window with all axes in depth and the two 
formations outlined by polygons of different colors and the surfaces displayed, demonstrating 




Range in TWT 
Horizon Depth 
Range in Meters Formation Name 
Surface 27 
-1943.81 to -1100.60 -2255.65 to -1073.77 Mt. Messenger Formation 
Surface 19 
-1776.99 to -861.71 -1997.1 to -795.59 Mt. Messenger Formation 
Surface 15 
-1706.24 to -661.96 -1891.13 to -582.20 Mt. Messenger Formation 
Surface 11 
-1623.55 to -615.30 -1770.05 to -534.86 Mt. Messenger Formation 
Surface 9 
-1643.75 to -625.72 -1799.36 to -545.35 Mt. Messenger Formation 
Surface 5 
-1611.63 to -624.65 -1752.85 to -544.26 Mt. Messenger Formation 
Surface 3 
-1515.43 to -608.56 -1616.28 to -528.11 Mt. Messenger Formation 
Surface 1 
-1375.89 to -594.63 -1425.36 to -514.20 Giant Foresets Formation 
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Multiple seismic attributes were calculated to generate the best representation of each 
surface and distinguish geomorphology present.  These attributes include root mean squared 
amplitude (RMS amplitude), variance, sweetness, and spectral decomposition.  RMS amplitude 
extraction can be used to help identify geological features that might have depositional and/or 
structural significance, local amplitude anomalies, and lineaments (Posamentier and Kolla, 2003; 
Posamentier, 2005). 
Distribution and/or direction of sand bodies can be shown by amplitude (Sun et al., 2010). 
Variance is an edge method seismic attribute which “measures the similarity of waveforms or 
traces adjacent over given lateral and/or vertical windows.  Variance attribute is a very effective 
tool for delineation of faults and channel edges on both horizon slices and vertical seismic profile” 
(Koson et al., 2014).  Sweetness is largely used to detect channels because it is an attribute 
developed to identify sands and sandstones (Hart, 2008; Chatrchyan et al., 2011).  Reflector 
amplitude is divided by the square root of instantaneous frequency to derive the sweetness 
attribute, making this attribute useful for detecting channels (Radovich and Oliveros, 1998; Hart, 
2008; Bueno et al., 2014). Spectral decomposition uses the transformation of data into frequency 
domain to identify features that are difficult to delineate in the time domain (Chakraborty and 
Okaya, 1995; Bueno et al., 2014).  The process of spectral decomposition uses an algorithm to 
convert “the 10-80Hz frequency components into a much smaller suite of narrow band spectra that 
can be conveniently visualized using red green blue in a single image” (Bueno et al., 2014). 
Channels are revealed in the composite RGB image because the spectral component of neighboring 
areas differs from the spectral filling (Bueno et al., 2014).  In generating each surface a horizon 
probe was used to create a view from a specific period of time with the above seismic attributes 




Figure 3.3 demonstrates the range of depth the surfaces span on a seismic inline section. 
Each line represents a different surface mapped using the interpretation methods described earlier. 
In Figure 3.3 it is evident that the clinoform sequence is progradational towards the northwest. 
Also evident in Figure 3.3 is the truncation of the foresets merging into a single topset reflector 
suggesting that not all foresets have the true shelf edge preserved.  Additionally, due to the 
imperfect preservation of the uppermost slope facies of the clinoforms, it is difficult to confidently 
determine whether some of the channels initiate at some distance downslope or indent the shelf. 
Figure 3.5 shows the different formations overlying a seismic section outlined by polygons with 
the eight surfaces displayed.  There are only two types of channels present, sinuous and straight, 
as classified by the Ethridge and Schumm (2007) sinuosity scheme.  A complete table of width, 
thickness, aspect ratio measurements for all of the channel forms measured can be found in 
Appendix A. 
4.1 Channel Observations On Surfaces 
This section will review the eight surfaces mapped using a horizon probe extracting along 
a mapped surface as well as channels present on these surfaces.  Without taking into account the 
cross sectional view of the seismic lines it is not yet possible to distinguish between channels and 
canyons using the created surfaces.  The location of the survey polygon excludes the location of 
the shelf break for surfaces 27 through surface 15.  All of the surfaces have a relatively low gradient 
but in the southeastern part of the survey area this gradient is slightly higher indicating that the 
lower gradient is likely lower in the slope to basin position.  Deeper surfaces have a gentler slope 
therefore surfaces 27 and 19 extend across the lower slope into basin floor.  Surface 15 becomes 
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steeper towards SE but does not yet reach the shelf edge; surface 11 extends from shelf edge to 
lower slope; surface 5 and 9 occur from shelf to lower slope; and surfaces 3 and 1 from shelf to 
mid slope. 
Surface 27 (Figure 4.1) corresponds to a depth of 1074-2256 m below sea level (bsl) and 
has a total of eleven channels, eight of which are straight: B, C, E, F, G, H, I, J, and three are 
sinuous: A, D, and K. All of the channels on surface 27 appear as individual channels and are 
positioned well below the shelf break.  The survey area does not capture the area of shelf break 
therefore the locations of the channels are not well defined.  The location of the channels was 
determined using Figure 3.3 the inline view of the seismic interpretation window with surface 
traces shown and the slope system shown in Figure 1.1.  The location of the channels along the 
surface trace were noted in Petrel and their position was evaluated relative to the clinoforms 
general gradient and used to determine a rough location in the overall system.  Channels A through 
E occur on the lower slope, channels F, G, H and K occur over the lower slope to the basin.  Most 
of the channels appear to be fairly parallel to each other except for G which is oriented obliquely 
to the rest of the channels.  The straight channel with the longest centerline length on surface 27 is 
channel C, at 12,644 m.  The largest sinuosity on this surface for straight channels is 1.09 and is 
calculated on channel H.  The straight channel with the smallest centerline length is channel I at 
2,562 m.   The smallest sinuosity for straight channels belongs to channel F and is 1.04.  Channel 
D has the largest sinuous channel centerline length at 20,881 m.  Channel K has the largest 
sinuosity out of all the sinuous channels on this surface at 1.39. The smallest centerline for sinuous 
channels is 1,910 m from channel K and the smallest sinuosity for the sinuous channels belongs to 
channel A at 1.10.
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Figure 4.1: A) Horizon probe of surface 27 using the variance attribute; B) Horizon probe of 
surface 27 using the variance attribute with channels traced in yellow, labeled in red 
A)
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Figure 4.1: B) Continued
B)
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Surface 19 (Figure 4.2) corresponds to a depth of 795-1,997m bsl and has a total of thirteen 
channels, ten of which are straight: A, A2, A3, A4, A5, B3, B4, C, D, E, and three are sinuous: B, 
B2, and F.  Channels A, A2, A3, A4, and A5 make a channel complex while the remaining straight 
channels are individual channels.  Straight channels begin about 10,909 m down-dip from the 
southeastern border of the survey on the lower slope (A, A2, A3, A4, B4, C, D, E) and further 
down the slope towards the basin (A5, B3).  The straight channel with the longest centerline length 
is channel A at 17,225 m.  The largest sinuosity for straight channels on this surface is 1.05 
calculated on channel A5 and D.  The straight channel with the smallest centerline length is channel 
B4 with at 6,896 m.  The smallest sinuosity for straight channels belongs to channels B3 and B4 
at 1.01.  Channels B and B2 make a channel complex that starts 4,545 m down from the 
southeastern border of the survey.  The other sinuous channel runs perpendicular to the rest of the 
channels at the northernmost extent of the survey.  The largest centerline for sinuous channels 
belongs to channel B at 47,426 m. The sinuous channel with the largest sinuosity is B2 at 1.25. 
The smallest centerline for sinuous channels on this surface is 2,747 m in channel F.  For this 
surface channel F has the smallest sinuosity for sinuous channels at 1.12.  Note that this surface is 
of low confidence in reference to the other surfaces created as surface 19 occasionally appears to 
resemble a cross reflector. 
Surface 15 (Figure 4.3) corresponds to a depth of 582-1,891 m bsl only has one channel, 
O, that is a straight channel located on the slope.  Channel O has a centerline length of 9,103 m, 
and a sinuosity of 1.02. 
Surface 11 (Figure 4.4) corresponds to a depth of 535-1,770 m bsl has a total of twelve 
channels: D, E, F, G, H, I, J, K, L, M, N, O, all of which are straight.  This surface has channels 
that have fairly straight parallel geometries which begin on the slope about 2,727 m down-dip from 
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Figure 4.2: A) Horizon probe of surface 19 using the variance attribute; B) Horizon probe of 
surface 19 using the variance attribute with channels traced in yellow, labeled in red) ) 
A)
 36
Figure 4.2: B) Continue
B)
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Figure 4.3: A) Horizon probe of surface 15 using the variance attribute; B) Horizon probe of 
surface 15 using the variance attribute with channels traced in yellow, labeled in red 
A)
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Figure 4.3: B) Continued 
B)
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Figure 4.4: A) Horizon probe of surface 11 using the variance attribute; B) Horizon probe of 
surface 11 using the variance attribute with channels traced in yellow, labeled in red 
A)
 40
Figure 4.4: B) Continued 
B)
 41
the shelf break and are all located on the slope.  The channel with the longest centerline length is 
channel G at 8,449 m.  The largest sinuosity on this surface is 1.01 and is calculated on multiple 
channels.  The channel with the smallest centerline length is channel N at 2,344 m. The smallest 
sinuosity belongs to multiple channels at 1.00.  This is the first surface where the shelf break is 
captured, in the figure it is traced in white. 
Surface 9 (Figure 4.5) corresponds to a depth of 545-1,799 m bsl, it has a total of two 
channels, E and E2, both of which are straight.  Channel E begins on the slope about 1,111 m 
down-dip from the shelf break and is located on the slope.  It has a centerline length of 13,501 m, 
and a sinuosity of 1.01.  Channel E2 begins on the slope about 10,000 m down-dip from the shelf 
break and is located on the slope.  It has a centerline length of 6,107 m, and a sinuosity of 1.01. 
The shelf break has migrated northwest and appears to almost overlap the origin point of the 
channels. 
Surface 5 (Figure 4.6) corresponds to a depth of 544-1,753 m bsl has a total of four 
channels, two of which are straight, D and K and two L and M are sinuous.  The surface has a 
channel complex made from two sinuous channels that later becomes a straight channel.  The 
two straight channels run parallel to each other located on the slope and begin about 4,727 m 
down-dip from the shelf break.  Channel D has a centerline length of 4,970 m, and a sinuosity of 
1.01. Channel K has a centerline length of 4,401 m, and a sinuosity of 1.01.  Channel L has a 
centerline length of 1,653 m, and a sinuosity of 1.27.  Channel M has a centerline length of 3,220 
m, and a sinuosity of 1.17.  The shelf break is observed in a similar location as the previous 
surface, there is some geomorphic occurrence below the break and separating the shelf break 
from the channel origin point. 
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Figure 4.5: A) Horizon probe of surface 9 using the variance attribute; B) Horizon probe of surface 
9 using the variance attribute with channels traced in yellow, labeled in red  
A)
 43
Figure 4.5: B) Continued 
B)
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Figure 4.6: A) Horizon probe of surface 5 using the variance attribute; B) Horizon probe of surface 
5 using the variance attribute with channels traced in yellow, labeled in red  
A)
 45
Figure 4.6: B) Continued 
B)
 46
Surface 3 (Figure 4.7) corresponds to a depth of 528-1,616 m bsl, it has a total of three 
channels; two of which are straight, M and N and channel O is sinuous.  The straight channels run 
across the shelf and appear to initiate 7,272 m up-dip from the shelf break. Channel M has a 
centerline length of 1,290 m and a sinuosity of 1.01.  Channel N has a centerline length of 1,728 
m and a sinuosity of 1.03.  Channel O has a centerline length of 1,110 m and a sinuosity of 1.10 it 
runs across the shelf at about 10,000 m up-dip from the shelf break.  This surface captures channels 
running perpendicular to the surface which is different from all of the other surfaces.  Additionally 
the shelf break is down dip from the channels closer to the northwest extent of the survey area. 
Surface 1 (Figure 4.8) corresponds to a depth of 514-1,425 m bsl has a total of eight channels: B, 
C, D, E, F, J, K, M, all of which are straight and run parallel to each other, except M which is 
oriented obliquely to the surface.  Channel F has the longest centerline length on this surface at 
3,986 m.  The largest sinuosity on this surface is 1.05 and is calculated on channel B.  The smallest 
centerline length belongs to channel C and it is 537 m.  The smallest sinuosity belongs to multiple 
channels at 1.01.  Channel M runs perpendicular to the surface similar to the channel in the 
previous figure.  The shelf break has once more migrated towards the northwest and it is located 
updip from almost all of the channel origins, it is down dip from channel M by about 770m. 
Over the eight surfaces, there are a total of 52 channels, 43 are straight and 9 are sinuous. 
Table 4.1 lists the surfaces and corresponding channels that are characterized as straight.  Not all 
of the surfaces contained both sinuous and straight channels.  Table 4.2 lists the surfaces and 
corresponding channels that are characterized as sinuous.  Table 4.3 lists all of the channels their 
corresponding surface, center line length, channel length, and sinuosity. 
 47
Figure 4.7: A) Horizon probe of surface 3 using the variance attribute; B) Horizon probe of surface 
3 using the variance attribute with channels traced in yellow, labeled in red  
A)
 48
Figure 4.7: B) Continued
B)
 49
Figure 4.8: A) Horizon probe of surface 1 using the variance attribute; B) Horizon probe of surface 
1 using the variance attribute with channels traced in yellow, labeled in red  
A)
 50
Figure 4.8: B) Continued 
B)
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Table 4.1: Table listing the surfaces and corresponding channels that are characterized as straight 
Table 4.2: Table listing the surfaces and corresponding channels that are characterized as sinuous 
Table 4.3: Table listing the surfaces and corresponding channels and the center line length, channel 
length, and sinuosity of each 






A 8852 8017 1.10 
B 10317 9849 1.05 
C 12644 11898 1.06 
D 20882 18766 1.11 
E 6945 6625 1.05 
F 12360 11836 1.04 
G 11715 11002 1.06 
H 3488 3197 1.09 
I 2562 2440 1.05 
J 2722 2506 1.09 
K 1911 1376 1.39 
Surface 
Number Sinuous Channels Present 
Surface 27 B, C, E, F, G, H, I, J 
Surface 19 A, A2, A3, A4, A5, B3, B4, C, D, E 
Surface 15 O 
Surface 11 D, E, F, G, H, I, J, K, L, M, N, O 
Surface 5 D, K 
Surface 3 M, N 
Surface 1 B, C, D, E, F, J, K, M 
Surface 
Number Sinuous Channels Present 
Surface 27 A, D, K 
Surface 19 B, B2, F 
Surface 5 L, M 
Surface 3 O 
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Table 4.3: Continued 







A 17226 16933 1.02 
A2 9101 8943 1.02 
A3 8868 8696 1.02 
A4 7616 7304 1.04 
A5 9627 9187 1.05 
B 47426 41622 1.14 
B2 5919 4740 1.25 
B3 7364 7255 1.01 
B4 6897 6806 1.01 
C 10847 10511 1.03 
D 10033 9580 1.05 
E 8113 7912 1.03 
F 2747 2460 1.12 
Surface 15 
O 9103 8951 1.02 
Surface 11 
D 4984 4963 1.00 
E 6347 6314 1.01 
F 2967 2956 1.00 
G 8450 8416 1.00 
H 6437 6418 1.00 
I 6616 6602 1.00 
J 6077 6062 1.00 
K 6021 5937 1.01 
L 5792 5771 1.00 
M 5932 5922 1.00 
N 2344 2326 1.01 
O 4012 3955 1.01 
Surface 5 
D 4970 4908 1.01 
K 4402 4338 1.01 
L 1654 1300 1.27 
M 3221 2763 1.17 
Surface 3 
M 1291 1275 1.01 
N 1728 1686 1.03 
O 1110 1005 1.10 
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B 551 523 1.05 
C 538 533 1.01 
D 732 701 1.04 
E 1742 1726 1.01 
F 3986 3957 1.01 
J 2477 2448 1.01 
K 2054 2032 1.01 
M 759 749 1.01 
4.2 Channel Observations on Seismic Crosslines 
Seventeen cross sectional seismic interpretation windows were chosen to demonstrate the 
overall change in channel/canyon geometry across the survey area, all of these crosslines are depth 
converted and each axis is in meters.  Even though seventeen cross sections are shown in this 
paper, measurements were collected from cross sections at a spacing of 50m. Figure 4.9 A shows 
an inline interpretation window with the crosslines shown over dip direction view and Figure 4.9 
B shows the survey area as viewed from above with the crosslines overlaying the area.  For each 
cross sectional view channels and canyons were traced and presence of migration, aggradation, 
and stacking patterns was noted.  Not all channel forms are true continuous channels or canyons, 
some are channel elements.  A channel element records individual downcutting and filling 
successions that are capped by abandonment and avulsion and can be bound by minor erosional 
surfaces or fine-grained intervals (Sprague et al., 2002; Pyles, 2007; Pyles et al., 2010).  In Hubbard 
et al. (2014) the terminology primary channelform surface and secondary internal channelform 
surface are used in reference to a channel that is an extant feature on the seafloor versus channel 
element.  This text uses Hubbard et al (2014) definition of primary channelform surface in relation 
to channel definition and secondary channelform surface for channel element.  A primary 
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channelform surface is a surface that defines the base and sides of the channelform and separates 
the channel fill from the unrelated strata (Hubbard et al., 2014).  This primary channelform surface 
can be traced along the entire length of the outcrop belt and is characterized by concave upward 
relief (Hubbard et al., 2014).  A secondary internal channelform surface is typically only locally 
preserved and cannot be traced more than a few hundred meters downdip along the channel 
(Hubbard et al., 2014).  These secondary channelform surfaces are typically aligned or subaligned 
with the underlying primary channelform surface (Hubbard et al., 2014).  The following crossline 
views will appear in order from the northwest to the southeast area of the survey.  The crossline 
view of the seismic data is displayed in two parts.  Part A of the crossline figures does not have 
channel/canyon traces in order to see the unobstructed geomorphology.  While observing the 
morphology in crossline, the levees or confinement of sediment is now visible and a distinction 
between canyon and channel can be made based on criteria described earlier. 
In the first crossline Figure 4.10, closest to the northwest extent of the survey, there are a 
high number of U and V geometries present, most of which appear in the depth range of 1,000 m 
bsl to about 1,400 m bsl, above and below surface 1.  These channels stack vertically in four main 
groups: A, B, D, E.  Most of the channels in this window do not fully contain the sediments and 
the sediment has spilled over the channel margins.  The majority of channels are part of vertical 
aggradation stacking patterns with the stratigraphically higher channels incising into the lower 
channels.  The interval of repetition of channel stacking is fairly consistent.  The width of the 
aggraded channels increases as the stratigraphic depth decreases.  Spacing between the laterally 
stacked channels are fairly consistent.  Channel G1 confines sediment but does not meet the width 
and depth requirements of a canyon.  This channel is topped by a higher amplitude seismic line 
and the sediments confined in the channel also appear to be a different amplitude than the material 
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Figure 4.9: A) Inline interpretation window showing distribution of cross-sections in dip direction view  B) Survey window viewed 
from above with the seismic crosslines highlighted across the window to show intervals of the crosslines for interpretation  
A)
 56
Figure 4.9: B) Continued 
B)
 57
outside the channel walls, it is a high amplitude reflection element (HAR).  This section contains 
draping reflections that are uniform for long distances laterally, conformable reflection elements 
(CREs), starting around 1100 m bsl and lower.  This crossline contains only channels, no canyons. 
Figure 4.11 displays the second crossline further up the slope in the southeast direction.  In 
this crossline the number of channels has decreased from the previous window, and the overall 
density of the channels has decreased as well.  The majority of channels appear in the range of 
1,000 m bsl to 1,300 m bsl, closely mirroring surface 1.  There are multiple packages of stacked 
channels: A-C, and G at the depth range of 1,000 m bsl to 1,300 m bsl.  An individual vertically 
aggraded package of channels occurs in the depth range of 1,400 m bsl to 1,600 m bsl (H1-H4). 
A smaller occurrence of stacked channels is seen just above 1,600 m bsl, J1 and J2. Lateral spacing 
and vertical stacking in this window is not as regular as previously observed.  Some channels have 
wings but not all of them.  This slice has CREs but now they appear at 1300 m bsl and lower, 
vertical migration occurring for most channels.   
Continuing in the southeast direction the next crossline slice is Figure 4.12.  The amount 
of channels present once again decreases and the number of individual channels has decreased as 
they are vertically stacking.  There are four packages of vertically aggrading channels: A, C, D, 
and E.  Package A and C occur in the 1,000 m bsl to 1,200 m bsl range; package D is spread from 
just above 1,500 m bsl to just above 1,600m bsl; and package E occurs in the 1,300 m bsl to 1,600 
m bsl range.  The package of channels C1-C3 incise each other and are regularly vertically spaced. 
The vertically aggrading channels E1-E7 mark appear to have two different repetition patterns. 
The stratigraphically deeper channels have a larger spacing between them and look more like 
vertically stacked channels while the stratigraphically higher channels occur more frequently.  The 
thickness of the channels decreases as you move stratigraphically higher in this package and the  
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Figure 4.10: A) Seismic crossline interpretation window 1810 B) Seismic interpretation window 
with channel and canyon geometries traced 
A)
 59
Figure 4.10: B) Continued 
B)
 60
Figure 4.11: A) Seismic crossline interpretation window 1960 B) Seismic interpretation window 
with channel and canyon geometries traced 
A)
 61
Figure 4.11: B) Continued 
B)
 62
Figure 4.12: A) Seismic crossline interpretation window 2010 B) Seismic interpretation window 
with channel and canyon geometries traced 
A)
 63
Figure 4.12: B) Continued 
B)
 64
width appears to increase.  The package of channels A1-A4 first vertically aggrade and then have 
a component of lateral migration.  The last channel occurrence in this aggrading package has more 
spacing than the channels below it and is further towards the southwest than the channels below 
it.  No canyons are present in this window.  Again CREs appear in this window starting just below 
1200 m bsl and deeper, and there are a few HARs high amplitude reflection elements as well. 
Figure 4.13 shows a crossline that has moved further up the slope towards the southeast 
direction of the survey area.  The number of vertically aggrading channel packages present in this 
crossline has decreased from previous intersections of the survey area.  Channels D1-D5 are 
stacked channels that are fairly regularly vertically spread from the interval of 1,200 m bsl to 1,650 
m bsl.  Channels D1-D5 are vertically aggrading and channel width increases as the channels are 
stratigraphically higher but the channel thickness decreases as the channels become 
stratigraphically higher.  At a depth of 1,900 m bsl, channel F confines the infilling sediment.  This 
sediment has a different amplitude than the sediment outside of the channel walls, HARs.At the 
depth interval of 1,950 m bsl, channels H1-H2 are vertically aggrading.  Further down the window 
at the depth interval of 2,100 m bsl, channel J1-J2 has both vertical aggradation and lateral 
migration.  The remaining channels in this window are individual channels rather than stacked or 
occurring with other channel forms, channels: G, E, A, B.  
In Figure 4.14 the overall number of channels present has decreased.  Channels are spread 
throughout the window.  There are five packages of vertically aggrading channel A, B, C, L, and 
M. Package A is composed of two channels A2 and A1 with A2 incise the lower channel A1.
Package B also has incised channels but only channels B3 and B2 are incised, these two channels 
are stacked on B1.  Package L has two channels and L2 incised L1.  Packages M and C each have 
two channels but they do not incise each other.  Channel spacing is not consistent in the window  
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Figure 4.13: A) Seismic crossline interpretation window 2060 B) Seismic interpretation window 
with channel and canyon geometries traced 
A)
 66
Figure 4.13: B) Continued 
B)
 67
Figure 4.14: A) Seismic crossline interpretation window 2310 B) Seismic interpretation window 
with channel and canyon geometries traced 
A)
 68
Figure 4.14: B) Continued 
B)
 69
and neither is channel size.  The smallest channels: C, D, E, F, and G occur at about 1,500 m bsl 
to 1,600 m bsl.  The rest of the channels in this crossline are individual channels with irregular 
spacing between their occurrences. 
The crossline in Figure 4.15 has less channels than previously observed.  Only one package 
of channels occurs in this window, C.  Channels C1 and C2 have components of vertical 
aggradation and lateral migration.  The channel density in this window has decreased, spacing is 
random, and sizing of the channels varies throughout the window.  Channel K’s walls have a very 
high amplitude distinct from the sediment confined in the canyon.  This large channel has a 
scalloped base carving into the sediment around it.  All of the channels in this window occur below 
surface 5, the spacing between the surfaces has changed and surfaces 1-5 occur in close vertical 
proximity.  Some of the channels have gull wing architecture and both u and v shaped channels 
are present. 
Channel presence increases again in Figure 4.16, and most of the channels in this window 
occur on or below surface 19.  This crossline has five separate channel packages, B, C, L, M, N, 
and the remaining channels are individual channels.  Channel package B is composed of a base 
channel B1 containing channel B2 which is incised by channel B3 and then overlain by channel 
B4.  Channels B2 and B3 are smaller in width and thickness than B1.  Package C is composed of 
vertically aggrading channels that have a relatively consistent spacing.  C1 and C2 which are the 
lower channels in the package are wider than upper channels C3 and C4.  Channels N1-N3 have 
components of vertical aggradation as well as lateral migration.  The lateral migration for Channels 
N1-N3 is in the NE/SW direction.  Channel package M is composed of two vertically stacked 
incised channels M1 and M2, with similar width and thickness dimensions.  A final channel 
package L1-L3 is present and it laterally migrates and then vertically aggrades.  The remaining  
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Figure 4.15: A) Seismic crossline interpretation window 2560 B) Seismic interpretation window 
with channel and canyon geometries traced 
A)
 71
Figure 4.15: B) Continued 
channels in this crossline occur throughout the window with random spacing and sizing. 
In Figure 4.17 the channels are spread across the range of the window, rather than confined 
within a specific depth range.  This crossline has individual channels, vertically aggrading 
channels, and channels with components of both vertical aggradation and lateral migration present. 
Three packages of stacked channels are present in this crossline: D, L, and M.  D1 and D2 are two 
vertically stacked channels, and channel D2 is shallower and wider than channel D1.  Channel 
package L has components of both vertical and lateral migration and is composed of three 
channels.  This channel package has a channel that incises the larger base channel L1.  Infill of 
channel L3 has HARs.  Channel package M is composed of two channels that are vertically stacked 
M1 and M2.  Channel M2 has components of lateral migration.  Remaining channels in this 
window are stand-alone individual channels that are irregularly spaced, vary in size, and appear as 
both as U and V shapes.  No pattern exists for spacing between the channel packages. 
The number of individual channels in Figure 4.18 has increased from the previous figure, 
and most channels occur individually rather than stacked.  There are three channel packages  
B)
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Figure 4.16: A) Seismic crossline interpretation window 2860 B) Seismic interpretation window 
with channel and canyon geometries traced 
A)
 73
Figure 4.16: B) Continued 
present in this crossline: E, J, and N.  A package of vertically aggrading channels E1-E3 is located 
around 1,500 m bsl, and these channels are vertically aggrading.  In channel package E the younger 
channels incise the older channel located below.  Channel E3 has a smaller width than the two 
channels below it but, both E2 and E3 have similar dimensions and spacing between E1-E3 is 
similar.  A second package of stacked channels deeper than E1-E3 is located around 1,800 m bsl 
to 1,900 m bsl, labeled N1-N3.  Channel N1 completely contains channel N2, and N3 incises the 
infill of channel N1.  N1 is wider and thicker than both N2 and N3, and N2 is the smallest of the 
three channels.  The base of channels N1-N3 is irregular and cuts into the stratigraphy located 
below each channel.  Spacing between these channels is irregular.  A third package of stacked 
channels is located around 1,400m bsl to 1,500 m bsl, labeled J1-J3. J1 is a narrow and thin channel 
overlain by a much wider and thicker channel labeled J2, which is incised by a smaller channel 
labeled J3.  No pattern is apparent between the spacing of channels J1-J3.  The remaining channels 
in this window are of varying sizes and shapes with irregular spacing throughout the window.  The 
B)
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Figure 4.17: A) Seismic crossline interpretation window 2910 B) Seismic interpretation window 
with channel and canyon geometries traced  
A)
 75
Figure 4.17: B) Continued
majority of channels in this crossline are located between surface 19 and surface 27. 
Channel density has increased in Figure 4.19.  The number of individual channels in this 
crossline increases from the previous figure, and most channels occur individually rather than 
stacked.  There are four sets of stacked channels: M, T, X, and DD.  Channels M1-M3 are stacked 
channels that vertically aggrade.  Channel M1 is the thinnest and smallest of the channels while 
M2 and M3 are similar in dimension.  Channel M3 incises M2 and is not symmetric.  Channels 
T1-T3 are vertically aggrading stacked channels.  The deepest of the channels, T1, is also the 
smallest channel; as the channels decrease in stratigraphic depth their width and thickness 
increases.  Spacing between T1-T3 is inconsistent and irregular.  Channels X1 and X2 are stacked 
and have components of both lateral migration and vertical aggradation.  Channels DD1 and DD2 
are two stacked channels, similar in size and shape, that vertically aggrade.  Channel BB contains 
sediment that has a different amplitude than the amplitude of the sediment outside of the channel  
B)
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Figure 4.18: A) Seismic crossline interpretation window 3210 B) Seismic interpretation window 
with channel and canyon geometries traced 
A)
 77
Figure 4.18: B) Continued 
walls.  Around the depth level of 1,050 m bsl there is a horizon with a very high amplitude cut by 
many channels with various dimensions and channel spacing.  Remaining channels vary in size, 
shape, symmetry and spacing throughout the window. 
The occurrence of individual channels in Figure 4.20 is similar to the previous crossline 
but the number of channel packages confining channels has increased.  There are five channel 
packages in this crossline: H, G, M, N, and S, with occurrences of both vertical aggradation and 
lateral migration present.  Channel Package H is composed of three stacked incising channels that 
are vertically aggrading: H1, H2, and H3.  Channel H1 is wider and thicker than channel H2, but 
not as wide as the overlying channel, H3.  Located close to channel package H is channel package 
G, which is composed of two stacked channels, G1 and G2.  These channels have components of 
both vertical aggradation as well as lateral migration.  Channel package S is composed of three 
channels, S1 is the deepest of the channels and it is incised by both S2 and S3 but does not fully 
B)
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Figure 4.19: A) Seismic crossline interpretation window 3410 B) Seismic interpretation window 
with channel and canyon geometries traced 
A)
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Figure 4.19: B) Continued 
confine the overlying channels.  The spacing between S1, S2, and S3 is not consistent, but the 
overall dimensions of each channel are similar.  Channel package M is composed of five channels 
that are vertically stacked and incise each other.  Channel M1 confines M2-M3 completely.  M1 
is the largest channel in this package and the other channels vary in shape size and symmetry.  M4 
and M5 are not fully confined by M1.  Channels in this package, M1-M5, have components of 
both lateral migration and vertical aggradation.  Below this channel package is another channel 
package of similar magnitude, N1-N4.  Channel package N is composed of four channels two of 
which, N2 and N3, are confined by the lower channel, N1.  N4 incises the channel package but is 
not confined by N1.  Channels N1-N4 have components of both vertical aggradation and lateral 
migration.  As seen in previous crosslines a prominent horizon above 1,000 m, surface 15 has 
multiple individual channels of similar dimensions present.  Remaining channels in this window 
are individual structures both u and v shaped with irregular spacing.  Individual channels are 
located either on surface 15 or between surface 19 and 27, the majority of channels are located in 
the latter area. 
B)
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Figure 4.20: A) Seismic crossline interpretation window 3660 B) Seismic interpretation window 
with channel and canyon geometries traced 
A)
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Figure 4.20: B) Continued
Channels in Figure 4.21 occur mainly in the depth range of 1,000 m bsl to 1,600 m bsl, 
below surface 19.  The number of vertically aggrading channel packages has increased since the 
last crossline, there are seven, F, G, N, L, M, D, and T.  There is one large structure located at the 
depth N1-N4, which is composed of vertically aggrading channels that are also laterally migrating. 
Channel N1 is the thickest and widest and confines channels N2 completely and partially confines 
N3.  As the channels decrease in stratigraphic depth they become shallower and decrease in width. 
Channel package F is located just above 1,500 m bsl, and it consist of three vertically stacked 
channels F1, F2, F3.  Size of the channels decreases as the channels become stratigraphically 
higher, i.e. channel F3 is the smallest.  Channel F2 incises channel F1 while F3 overlays channel 
F2.  Next to this channel package is another channel package, G.  G1-G3 are vertically aggrading 
stacked channels.  G1 is the smallest channel overlain by channel G2 which confines channel G3. 
Shape of the channels in this package is not consistent with G2 resembling a distinct U shape and 
G3 a sharp V shape.  Two smaller channels L1 and L2 make another channel package of vertically 
B)
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Figure 4.21: A) Seismic crossline interpretation window 3810 B) Seismic interpretation window 
with channel and canyon geometries traced  
A)
 83
Figure 4.21: B) Continued
aggrading stacked channels.  Channels M1 and M2 create another channel package of two 
vertically aggrading channels.  M1 is much larger than channel M2 which incises it.  Another 
channel package is D1-D3, this package is composed of three vertically aggrading stacked 
channels.  The deepest channel D1 is shallow and overlain by channel D2 which is wider and 
thicker than D1.  Channel D3 incises D2 but is not fully confined by the lower channel.  Two 
vertically aggrading channels are located just above 1500 m bsl, T1 and T2.  The lower channel, 
T1 is thicker and of similar width to the channel above, T2.  The package structures in this window 
do not have consistent lateral or vertical spacing.  Remaining channels are V and U shaped and 
scattered throughout the window most of the channels are below surface 19 and above surface 27. 
The number of vertically aggrading channel packages has decreased in Figure 4.22 to three: 
A, G and P.  In the depth range of 1,600 m bsl to 1,800 m bsl there is a package of four channels, 
P1-P4, that vertically aggrade and move laterally.  The younger channels P4-P2 incise the older 
channels, and have a fairly regular spacing between channels P1-P3.  P1 is shallow and thinner     
B)
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Figure 4.22: A) Seismic crossline interpretation window 4110 B) Seismic interpretation window 
with channel and canyon geometries traced 
A)
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Figure 4.22: B) Continued 
than the channels stacked above it.  Channels P2-P4 decrease in width as they decrease in 
stratigraphic depth.  Channel package A is composed of channels that have components of both 
lateral migration and vertical aggradation occurring over irregular spacing intervals.  Channel 
Package G occurs from 1,300 m bsl to 1,500 m bsl, and is composed of stacked channels G1-G3 
that are vertically aggrading.  The dimensions of this structure change from a base channel G1 that 
is thinner and shallower to overlying channels of a larger thickness and width.  Channel G2 is 
incised by a thinner channel G3.  Remaining channels in this crossline are U and V shaped of 
varying sizes occurring randomly throughout the window. 
In Figure 4.23 most of the channels occur below surface 19 in the depth range of 1,000 m 
bsl to 1,200 m bsl.  There are four channel packages in this window: C, G, N, and P.  Package C 
is comprised of channels C1-C3 which show lateral migration to the NE.  The channels have 
components of lateral migration and vertical aggradation.  Below channel package C is another 
package of channels, G.  G1 is a shallow channel incised by a much wider and thicker channel G2 
B)
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Figure 4.23: A) Seismic crossline interpretation window 4310 B) Seismic interpretation window 
with channel and canyon geometries traced 
A)
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Figure 4.23: B) Continued 
B)
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that contains channel G3.  The channels in this package are vertically aggrading.  A third channel 
package composed of P1 and P2 has a smaller channel stratigraphically lower than P2 a larger 
channel.  The channels P1 and P2 are vertically aggrading. Channel Channels N1-N4 create a 
channel package of vertically aggrading channels with similar spacing between N1-N2 and N3- 
N4.  The larger spacing between N2 and N3 creates two groups of channels and in both groups the 
channels are wider as they occur stratigraphically higher.  The remaining channels in this crossline 
are of varying sizes and spacing spread throughout the window. 
In Figure 4.24 more individual channels are present than on the prior crossline figure.  The 
channels in this crossline occur either directly above surface 19 or below it, continuing the trend 
of channel depth increasing as the crosslines move SE.  There are two packages of vertically 
aggrading stacked channels: N and M.  Channels N1-N3 has components of lateral migration in 
addition to the vertical aggradation.  Channels N1-N3 increase in width and thickness as the 
stratigraphic depth decreases.  Channel package M is composed of a larger channel M1 and a 
similar width but much thinner channel M2, the channels vertically aggrade and are stacked. 
Channel package B is composed of a smaller channels cutting into an older deeper channels.  The 
largest channel, B1, contains three channels, B2-B4, that have components of vertical aggradation. 
Channel package E has elements of lateral migration and vertical aggradation.  Channel E2 is very 
shallow and the fill is a lower amplitude than the seismic lines surrounding the channel.  The 
remaining channels are of varying sizes and spacing throughout the window. 
The number of channels present in Figure 4.25 has decreased from the previous crossline. 
There is a large structure made of channels H1-H6 that has components of lateral migration and 
vertical aggradation.  Channels A, B, and C occur in an area of less continuous seismic lines, and 
channel C carves into the channel walls of both channels A and B. Remaining channels on this  
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Figure 4.24: A) Seismic crossline interpretation window 4560 B) Seismic interpretation window 
with channel and canyon geometries traced  
A)
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Figure 4.24: B) Continued 
B)
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Figure 4.25: A) Seismic crossline interpretation window 4910 B) Seismic interpretation window 
with channel and canyon geometries traced  
A)
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Figure 4.25: B) Continued 
surface are individual channels. 
Figure 4.26 has the fewest amount of channels present in all of the crosslines. Most of the 
channels occur below surface 27.  The largest channel present in this window is channel D, it has 
gull wing architecture and a sediment infill that has a different amplitude than the sediment outside 
of the channel walls.  Most of the channels in this crossline have gull wing architecture and 
irregular spacing between them.  
B)
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Figure 4.26: A) Seismic crossline interpretation window 5160 B) Seismic interpretation window 
with channel and canyon geometries traced 
A)
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Figure 4.26: B) Continued
B)
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Over time the shelf progrades towards the basin.  While the surfaces prograde some of the 
channels on the surfaces appear to migrate.  As the surfaces get shallower the shelf edge can be 
observed migrating to the northwest.  Width and depth measurements were taken on all 
channel/canyon traces and recorded.  The maximum width measured was 4,462 m with a 
corresponding depth/thickness of 117 m, resulting in a width to depth ratio of 38:1.  The minimum 
width measured was 65 m with a corresponding depth/thickness of 30 m and a width to depth ratio 
of 2:1.  The maximum depth/thickness measured was 393 m with a corresponding width of 3643 
m and a width to depth ratio of 9:1.  The minimum depth/thickness measured was 11 m with a 
corresponding width of 289 m and a width to depth ratio of 26:1.  Figure 4.27 is a plot of all 
corresponding channel width and depth measurements plotted with axes in logarithmic scale.  On 
this figure aspect ratio lines of 1:1, 10:1, and 100:1 are plotted and the data is tightly grouped along 
the 10:1 aspect ratio line.  As the data points move away from this aspect ratio both towards the 
1:1 ratio and 100:1 the spacing increases and the number of data points decreases.  Most of the 
data points group in a zone on the plot that indicates a proportional width to depth ratio.  The 
occurrence of channels present changes with depth.  The deepest extent examined of 2,000 m bsl 
are chaotic and the preservation of structures is not evident.  As the depth slices become shallower 
the number of channels present increases and the origin point of the channels appears to extend 
further and further towards the northwest extent of the survey.  The increase of channels begins to 
change at 1,200 m bsl and at 1,000 m bsl multiple channel migrations are visible for the most 
prominent channel at this depth. 
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Figure 4.27: Plot of channel and canyon width versus thickness measurements plotted with axis in 




5.1 Channel Type Distribution 
No distinct pattern of origin or location along the clinoform appears to exist for the 
channels.  A specific sweet spot for channel presence or location is not apparent in the survey area 
as channels are occur randomly throughout the seismic survey.  However, different types of 
channels are generally observed at different locations on the slope. There are three distinct styles 
of channels present within the survey volume.  The first style of channels present can be seen in 
Figure 5.1.  The channels are very straight, parallel with even spacing, and they are vertically 
stacked and incise channels above and below. These channels distinctly appear in two locations 
within the stratigraphic depth of the seismic, and are seen on surfaces 1 and 11. Additionally, this 
channel style can be seen in the seismic crossline above surface 3, and is also in-between surface 
3 and 5.  These straight parallel channels originate both at shelf edge and down dip of the shelf 
edge in the NW direction on the slope. As the seismic interpretation window intercepts further 
back on the clinoform, this style of channel is no longer present.  The channel appears to be 
associated with the steeper slope angle and therefore is located along the steeper prograding 
clinoforms. 
A second style of channel present is a transitional channel.  Figure 5.2 shows the channel 
located along a slope that is not as steep as the first style of channels.  The transitional style of 
channel can have one main channel that occupies the slope, or two channels of similar size  
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Figure 5.1: Schematic block diagram showing differences in surface and subsurface expressions 
of straight parallel channels 
located on the slope, both of which are straight and parallel.  When one main channel is present, it 
can split and develop a smaller channel located further downslope.  Surfaces 15, 9, and 5 have the 
transitional style of channel present on them.  In seismic crossline, the transitional style of channel 
appears between surface traces 11 and 5 along the slope.  Typically this channel style has only one 
vertically stacked channel package, but if another one is present there is a larger main channel 
package and a much smaller channel package. This transitional style of channel is present along 
the less steep clinoform slopes and is packaged between the first type of channel and third type of 
channel, or between two occurrences of the first channel type. 
A final style of channels in the survey area is located much deeper, and on the least inclined 
of the clinoform slopes.  This third style seen in Figure 5.3 has multiple channels carved into the 
slope which originate at varying points along the surface.  These channels are not as straight as 
previous channels, and either have feeder channels leading into a main channel, or a main channel 
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feeding into a tributary channel.  The feeder channels appear much lower on the slope than any of 
the previous channels.  The channel style is very different than the previous two and it is possible 
that it was formed by processes very different than the first two channel styles.  No trend in spacing 
or location is apparent for this channel style other than it appears much lower on the slope than 
previous channel styles. 
Figure 5.2: Schematic block diagram showing differences in surface and subsurface expressions 
of transition style channels 
Figure 5.3: Schematic block diagram showing differences in surface and subsurface expressions 
of deeper lower slope channels 
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5.2 Channel Morphometric Observations 
Multiple channels within the Kokako dataset seem to change dimension upwards in the 
stratigraphic column.  Examples of these changes can be seen in Figure 4.11B, where crossline 
1960 captures channel H seeming to become wider and thinner with decreasing stratigraphy.  A 
second example is in figure 4.12B, where channel E appears to change dimensions as it becomes 
stratigraphically higher.  A third example is in figure 4.13B, where channels C and D appear to 
exhibit the behavior of a change in dimension as they decrease in stratigraphic depth.  Closely 
stacked thin-bedded deposits of fine grained turbidites indicate semi-continuous flows, likely as 
small pulses of sediment (Arzola et al., 2007).  The spacing of the channels that change dimension 
upward in the Kokako data set could have resulted from multiple semi-continuous events.  Multiple 
erosion events can lead to the development of higher aspect ratio secondary channel-form surfaces 
modifying the channel base morphology and resulting in complex channel fill architecture (Pyles 
et al., 2010; Hubbard et al., 2014). With the changing aspect ratio of the channel, the 
accommodation for channel fill is occupied more rapidly in the channel base causing the flow to 
spread laterally (Hubbard et al., 2014).  This spread causes an increase in width while the thickness 
is unable to increase, in turn creating channels that change dimensions upward.  This dimensional 
change can be seen at channel mouths where a loss in confinement causes flows to spread laterally 
(Shumaker et al., 2018).  While the location of these channels is not a channel mouth, the channels 
experience a loss in confinement as area for channel fill decreases with the modified channel base 
morphology.  As the accommodation space is filled up more rapidly with decreasing thickness the 
flows spread, increasing channel width which results in an upwardly increasing aspect ratio. 
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5.3 Channel Morphometric Comparison 
Across the survey area, channels are observed as individual occurrences as well as laterally 
migrating, vertically aggrading, or a combination of these stacking patterns.  Channels and canyons 
were observed, as well as canyons confining channels.  Both sinuous and straight channels were 
recorded in the study area.  My data reaffirms the hypothesis that relatively straight channel 
systems are the main components of steep slope systems (active margin areas) hypothesized by 
Ono (2017) specifically on the active margin in the Taranaki Basin Kokako dataset. 
Along the surfaces and location on the slope, the size and spacing of channels vary 
throughout the window with no apparent trend.  The crossline windows are introduced from the 
NW to the SE of the survey area and based on the general gradient of the clinoforms, the location 
along the slope changes from upper slope to lower slope with the progression of the survey area 
towards the southeast.  As the crosslines move towards the SE the surfaces have less spacing 
between them and channels are located stratigraphically deeper, on the lower slope.  In the 
crossline closest to the northwest area of the survey the channels are located near surface 1 on the 
upper slope along the shelf break.  As the crosslines move towards the southeast area of the survey 
the channels are located near the deeper surfaces 19/27, along the lower slope.  Overall, the 
location of channels changes from just below shelf break/upper slope in the most northwest 
crossline windows to lower slope/basin in the most southeast crossline windows.  Most of the 
channels show vertical aggradation but a handful show components of both lateral migration and 
vertical aggradation.  Lateral migration is not a large component in channel observations and 
overall no trend is observed in relation to location along slope.  Channels are more densely grouped 
in the upper slope when compared to the lower slope.  When there is a high density of channels in 
the window they occur in packages up to 300 m thick.  Crossline windows with a lower density of 
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channels contain channels that are spread throughout the window, and a majority are singular 
rather than stacked.  A total of 1,347 measurements were recorded from sixty-nine crosslines.  
Only six canyons were identified, and the remaining 1,341 measurements were classified as 
channels.  Most of the channels did not meet the depth requirement of a canyon, and  a few channels 
could have been classified as canyons, but the aspect ratio was equal to 10:1 instead of larger than 
10:1.  The only change in the nature of channels from near the shelf edge towards the lower slope 
is the location of the channel.  Channel shape and size varies throughout the survey area, and based 
on the recorded channel dimensions and distribution, there is no correlation between channel size 
and location on the slope except that the canyons are located deeper and further down the slope 
(i.e. lower slope/ basin) in the survey area. 
In comparison, another study on channel forms located in the Taranaki Basin focuses on 
an area just to the west of the Taranaki peninsula, east of the Kokako study area.  This study 
recorded gully dimensions of: 20-500 m wide and10-60 m deep, with a width to depth ratio of 3.5-
5 (Shumaker et al., 2016).  Gully dimensions in this study are similar to the smaller channel sizes 
recorded in the Kokako region.  These gullies formed nested complexes that were up to 100s of 
meters thick (Shumaker et al., 2016).  The nested complexes were also observed in the Kokako 
region and again are similar in dimension.  The gullies initiated well below shelf edge in some 
instances while in others their initiation point were detected as far upslope as the individual 
clinoform reflectors were able to be traced (Shumaker et al., 2016).  In the Kokako dataset figures 
4.1B through 4.5B show gullies that initiate well below shelf edge as well as gullies further upslope 
closer to shelf break.  Only a few surfaces were evaluated in the Shumaker et al (2016) survey, 
and relation of gully initiation point and slope location was not a significant focus.  Channels in 
this study area were 400-1000 m wide and 50-180 m deep, with a maximum aspect ratio of 10.5 
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(Shumaker et al., 2016).  The channels observed on the surface created in this study were 
continuous across the length of the dataset.  The foreset gradients in the study area become 
generally shallower decreasing from 5° to 2° (Shumaker et al., 2016).  In the Shumaker et al. 
(2016) study gullies had minor qualitative differences in lateral spacing, width, and sinuosity 
between surfaces.  Gullies experienced both vertical aggradation and lateral migration in response 
to aggradation and progradation of the slope (Shumaker et al., 2016).  Overall, similar results were 
recorded from the two study areas.  Both studies noted that channels exhibited differences in size, 
spacing, and occurrence throughout the survey area.  Both locations have foresets that became 
gradually shallower with a shelf prograding towards the basin.   
In addition to the previous study, other researchers have examined channel forms over a 
variety of locations.  The Fuji-Einstein system located in the northeastern Gulf of Mexico is a 
shelf-edge delta “with coeval gullies and submarine channel–levee systems on the slope in front 
of it” (Sylvester et al., 2012).  These slope gullies consisted of several straight parallel features 
oriented orthogonal to the slope ranging in size from less than 80 m to 500 m wide and about 40 
m deep (Sylvester et al., 2012).  Dimensions for the two systems overlap those measured from the 
Taranaki Basin, however, Kokako has wider and deeper channels.  The straight parallel features 
reported by Sylvester (2012) are similar to channels observed in the upper slope region of the 
Kokako dataset. 
In a separate study reviewing deep-water slope and basin floor settings in the Gulf of 
Mexico, offshore Nigeria, and offshore eastern Kalimantan, Indonesia by Posamentier and Kolla 
(2003), it was noted that leveed channels are common depositional elements in slope and 
basinfloor environments (Posamentier and Kolla, 2003).  These channels ranged in width from 3 
km to less than 250 m, and had a sinuosity between 1.2 and 2.2 (Posamentier and Kolla, 2003). 
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Some of the leveed channels in this study had complex cut and fill architecture and many “leveed 
channels show evidence of having grown by lateral and down-system migration, whereas other 
channels seem to have remained fixed in one location through extended periods and are 
characterized by vertical stacking” (Posamentier and Kolla, 2003).  Similar to the Kokako dataset, 
this study also had channels that remained in one location for extended periods of time, and as a 
result they exhibited vertical stacking. 
A study conducted on the architecture and evolution of the upper fan channel-belts on the 
Niger Delta slope and in the Arabian Sea observed channel forms that stacked adjacent to one 
another (Deptuck et al., 2003).  The Benin-major channel levee systems created shingled channel 
deposits inclined towards the direction of channel migration and had a maximum thickness of 
about 350 m and a distance of 3.0 – 4.5 km between outer levee crests (Deptuck et al., 2003). 
Dimensions measured in this study overlap those reported in the Kokako dataset although Kokako 
has a larger range of width for the channels.  Vertically stacked channel forms in this study 
sometimes incised one another.  In the Kokako dataset not all of the vertically stacked channels 
incised lower channels, but there were some channels that did.  If the amount of incision between 
the channel forms was less than the thickness of sediment accumulated within them, then 
successive channel forms would aggrade (Deptuck et al., 2003).  This study also noted that similar 
architectural elements can be recognized at different scales within a system, suggesting a common 
channelized flow process can exist at different scales.  The study also noted that individual 
elements of geology can vary from system to system, or within the reaches of the same system. 
The Kokako dataset has similarities and differences in dimension, shape, orientation, and gradient 
of the slope to other studies published.  
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5.4 Measurement Comparison to other Datasets 
Figure 5.4 compares width and thickness measurements from the Kokako dataset to four 
other studies: Jobe et al (2019), Jobe et al. (2016), Shumaker et al. (2018), and Wilkerson and 
Parker (2011).  Jobe et al. (2016) measured “297 channel trajectory and channel form geometry 
measurements from a global sampling of 21 submarine systems and 13 fluvial systems.  Shumaker 
et al. (2018) data is collected from four channels: channel 1 of the Amazon fan, channel 1 of the 
Bengal Fan, channel 12 of the eastern Gulf of Mexico, and channel 9 of the Niger Delta continental 
slope (Shumaker et al., 2018).  Wilkerson and Parker (2011) describe their data package as 
obtained from numerous published sources of river data.  Kolla et al. (2007) compared fluvial and 
submarine channel data and found “that morphological characteristics of deep-water channels, 
namely (1) sinuosities and sinuosities vs. valley gradients, (2) relationships between meander 
wavelengths, channel widths and radii of curvature, (3) delayed inflection symmetries indicative 
of paleo-flows, and (4) avulsions and cut-offs, are similar to those of fluvial channels.”  Although 
some characteristics of submarine channels are similar to fluvial channels, it is important to note 
that differences in these channel systems exist.  Unlike fluvial channels, Flood and Damuth (1987) 
observed that the widths and depths of deep-water channels typically decrease downstream.  It is 
anticipated that channels shallow and widen as the confinement of sediment is lost, spreading the 
flow laterally, such as at a channel mouth.  One anticipates larger channel dimensions near the 
upstream end of a channel where slopes are steeper, resulting in partial confinement of flow, which 
results in a lower aspect ratio (width to depth ratio) (Shumaker et al., 2018).  The Kokako dataset 
of width-thickness/depth ratios overlaps Jobe et al. (2019), Jobe et al. (2016), and Shumaker et al., 
(2018).  The Kokako thickness data overlaps nicely with other aspect ratios measured from studies 
that are in both thickness and depth.  The Wilkerson and Parker (2011) data is spread in a different 
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region of this graph that corresponds to 1:1 width/depth ratio while the Kokako data is in the 10:1 
width-thickness/depth ratio.  This indicates that the majority of channels and canyons measured in 
this survey area are wider than they are deep, and this can be observed both in Figure 5.1 as most 
of the data points congregate to the right and below the 10:1 aspect ratio line, as well as the table 
with all of the data points recorded in the table of channel form measurements located in Appendix 
A. Table 5.1 compares the minimum, maximum, mean, and mode of the aspect ratio calculated
from five datasets.  The Kokako dataset has the smallest minimum aspect ratio, maximum aspect 
ratio, mean aspect ratio and mode out of the five datasets.  However, when comparing the total 
number of data points and their values, the channel dimensions in the Kokako dataset overlap a 
significant portion of the Jobe et al. (2019), Jobe et al.(2016), and Shumaker et al. (2018) datasets. 
The overlap of Kokako width-depth ratios to other studies of fluvial and submarine systems 
appears to indicate that there may be a specific width-depth ratio that best preserves the structures. 
Hansen et al (2015) notes that very low aspect ratio channels i.e 1:1 are likely not preserved as 
they require steep channel walls which are prone to mass failure and promote channel widening. 
Wynn et al. (2002) notes that very high aspect ratio channels i.e 1000:1 are channels that have lost 
the ability to confine turbidity currents which can cause levee aggradation resulting in decreased 
channel aspect ratio or loss of confinement.  The above information coupled with the aspect ratio 
of channels in this data set compared to those in other studies reinforces the idea of channels 
evolving to reach a state of equilibrium (Shumaker et al., 2018).  Systems in different geographic 
locations with orders of magnitude difference in channel dimensions still occupy a consistent range 
for aspect ratios, which for this basin could be represented by the aspect ratio of 10:1 as 
channels/canyons with this aspect ratio have the highest rate of preservation.  
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Figure 5.4: Plot of channel and canyon width versus depth measurements for Kokako dataset as 
well as four other studies: Jobe et al. (2019) in depth, Jobe et al. (2016) in thickness, Shumaker et 
al. (2018) in depth, Wilkerson and Parker (2011) in depth.  Measurements are plotted with both 
axis in logarithmic scale and aspect ratios of 1:1, 10:1, 100:1, and 1000:1 overlaid on the data 
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Table 5.1: Comparison of minimum, maximum, mean, and mode of the aspect ratio calculated 
from five datasets 
Data from the Kokako width versus depth/thickness figure plot at a slightly lower aspect 
ratio than data from Shumaker et al. (2018).  A lower aspect ratio would mean the ratio of width 
to depth is different; Shumaker et al. (2018) plots channel data points that are mostly located above 
1000 m in width and below 100 m in depth/thickness.  The majority of the Kokako channel data 
points plot below 100 m in depth/thickness, and 100 to 1000 meters in width.  When examining 
the trend of aspect ratio in the Kokako dataset, it is important to determine the causes the width of 
a channel.  The Kokako dataset is from subsurface measurements while the Shumaker et al. (2018) 
dataset is from modern seafloor locations.  While it would seem post depositional erosion and 
compaction would cause a trend in the other direction as noted in Moscardelli and Wood, (2008) 
this is not the case in the Kokako dataset as seen in Figure 5.1.  When measuring a subsurface 
channel-form the measurements are minimums as overtime erosion, infill and failure of the 
channel walls can occur.  The difference in trend however cannot be attributed to preservation bias 
alone.  This difference in aspect ratio is likely caused by the processes that formed the channels. 
In Shumaker et al. (2018) systems such as channel 1 from the Amazon fan, channel 1 from the 
Bengal fan and the Niger Delta are all noted to contain some form of channel levees (Bouma, W. 

















4 231 37 22 10, 13, 14 Wilkerson and Parker 
(2011) 
7 121 30 26 12, 20 Jobe et al. (2019) 
4 184 18 15 14 Jobe et al. (2016) 
5 356,961 155 27 19 Shumaker (2018) 
2 63 15 14 8 Kokako (this study) 
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build upwards and radially outwards due to the levee complexes (Bouma, W R Normark, et al., 
1985).  The result of channel/canyon development from channel levees would lead to wide 
channels with a depth/thickness that increases with the increasing width.  In comparison, no 
channel levees were noted in the Kokako dataset.  It is possible that these channels developed from 
sheet-like flows similar to the process discussed in Straub and Mohrig, (2009) that suggests 
channels can be formed via sheet-like flows which would maintain a channel but not build a levee. 
The absence of the levees would make it difficult to build upwards as well as radially outward 
which would result in lower aspect ratios than a system which contains levees.  Shumaker et al. 
(2016) whose study location is located nearby within the Taranaki basin cited “large, dilute, sheet-
like turbidity currents” as the flow that produced the gullies in her location.  These sheet-like flows 
produced “shallowly- incised gullies due to autogenic instabilities that promote regularly spaced 
variations in erosion and deposition” (Shumaker et al., 2016).  The similarity in profile of both the 
channels in the Kokako study and in Shumaker et al. (2016) serves to strengthen the idea that the 
channels in the Kokako study were produced by large sheet –like turbidy currents.  
5.5 Defining Channels and Canyons  
While the classification of channels used in this study works, it is apparent a better method 
is needed for classification of these structures.  Many canyon forms that fit the depth and width 
requirements failed the aspect ratio requirement.  In order to address this issue, I would make my 
aspect ratio requirement less stringent and allow a range of values.  As Shumaker (2016) and Jobe 
et al (2011) presented in their data, an aspect ratio of 9-10 would be appropriate based on their 
studies and the data set gathered from Kokako.  Another suggestion would be to develop a better 
classification based on deposition and measurement data rather than solely relying on 
measurements.  Scale based definitions are helpful when quickly assessing seismic information 
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but a depositional based definition would allow one to classify features by the unique processes 
causing the structure.  Sylvester et al (2011) draws attention to the fact that often the distinction of 
boundaries are used to build reservoir models and that boundaries between “hierarchical levels are 
often arbitrary and that large erosional surfaces do not always reflect some allogenic influence but 
can be the result of channel migration”.  By taking into account the system as well as the details 
on a scale level it would allow one to recognize both allogenic influences as well as migration and 
erosion.  A better process for discerning between structures may also allow for more clarification 
between structure types such as differences between channels.  In this study anything that is too 
small to fit the canyon scale was automatically classified as channel and it was obvious that not all 
of the channels were the same.  By discerning between types of channels present one can possibly 
use this information to differentiate between processes that occurred during formation to see if a 




The Taranaki Basin Kokako data set provided high quality three-dimensional seismic data 
which allowed the creation of high resolution surfaces within the formations.  Spread over two 
distinct formations, the Giant Foreset and Mt. Messenger Formation, eight surfaces were created 
and evaluated for the presence of channels.  All of these surfaces had channels and/or canyons 
present.  In the Kokako region of the Taranaki Basin the New Zealand margin is densely 
channelized as shown by the documented channels along the studied surfaces.  The majority of 
this channelization took place on the slope rather than the shelf or basin.  Recorded measurements 
documented a maximum width measurement of 4,462 m with a corresponding depth/thickness of 
117 m, resulting in a width depth ratio of 38:1.  The minimum width measured was 65 m with a 
corresponding depth/thickness of 30 m and a width depth ratio of 2:1.  The maximum 
depth/thickness measured was 393 m with a corresponding width of 3643 m and a width depth 
ratio of 9:1.  The minimum depth/thickness measured was 11 m with a corresponding width of 289 
m and a width depth ratio of 26:1.  These measurements plot over other studies width depth 
measurements for both fluvial and submarine systems.  The younger surfaces have channels that 
initiated at or below the shelf edge break.  The shelf edge migrates northwest through time, 
consistent with a progradational system.  The recorded data will be valuable in future studies of 
active margin channels and provide greater insight to the development of the clinoforms in the 
Taranaki Basin.  In the future, a study determining the grain size of sediment in the study area in 
order to investigate the role of grain-size distribution within a flow, as well as in a succession of 
flows can be conducted to understand the evolution of depositional elements. 
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233 80 3 NO NO NO CHANNEL 
300 80 4 NO NO NO CHANNEL 
267 53 5 NO NO NO CHANNEL 
333 80 4 NO NO NO CHANNEL 
400 67 6 NO NO NO CHANNEL 



















1567 213 7 YES YES NO CHANNEL 
833 133 6 NO NO NO CHANNEL 
1133 200 6 YES YES NO CHANNEL 
367 67 6 NO NO NO CHANNEL 
833 173 5 NO NO NO CHANNEL 
400 147 3 NO NO NO CHANNEL 
367 53 7 NO NO NO CHANNEL 
1333 120 11 YES NO YES CHANNEL 
633 53 12 NO NO YES CHANNEL 
333 107 3 NO NO NO CHANNEL 
400 93 4 NO NO NO CHANNEL 
1667 160 10 YES NO YES CHANNEL 
1667 80 21 YES NO YES CHANNEL 
500 160 3 NO NO NO CHANNEL 
833 67 13 NO NO YES CHANNEL 
500 147 3 NO NO NO CHANNEL 
800 80 10 NO NO NO CHANNEL 
267 80 3 NO NO NO CHANNEL 
600 107 6 NO NO NO CHANNEL 
833 173 5 NO NO NO CHANNEL 
1367 80 17 YES NO YES CHANNEL 
267 93 3 NO NO NO CHANNEL 
200 53 4 NO NO NO CHANNEL 
333 120 3 NO NO NO CHANNEL 
733 80 9 NO NO NO CHANNEL 



















333 53 6 NO NO NO CHANNEL 
367 53 7 NO NO NO CHANNEL 
400 53 8 NO NO NO CHANNEL 
633 120 5 NO NO NO CHANNEL 
1100 200 6 YES YES NO CHANNEL 
1667 80 21 YES NO YES CHANNEL 
1833 120 15 YES NO YES CHANNEL 
633 93 7 NO NO NO CHANNEL 
1033 187 6 YES YES NO CHANNEL 
300 80 4 NO NO NO CHANNEL 
1300 80 16 YES NO YES CHANNEL 
200 67 3 NO NO NO CHANNEL 
400 93 4 NO NO NO CHANNEL 
400 133 3 NO NO NO CHANNEL 
233 93 3 NO NO NO CHANNEL 
733 67 11 NO NO YES CHANNEL 
1467 107 14 YES NO YES CHANNEL 
1300 93 14 YES NO YES CHANNEL 
1000 160 6 YES NO NO CHANNEL 
667 173 4 NO NO NO CHANNEL 
633 67 10 NO NO NO CHANNEL 
1000 200 5 YES YES NO CHANNEL 
333 53 6 NO NO NO CHANNEL 
400 120 3 NO NO NO CHANNEL 
267 67 4 NO NO NO CHANNEL 



















333 67 5 NO NO NO CHANNEL 
1267 93 14 YES NO YES CHANNEL 
1567 120 13 YES NO YES CHANNEL 
1667 107 16 YES NO YES CHANNEL 
667 67 10 NO NO NO CHANNEL 
400 67 6 NO NO NO CHANNEL 
400 53 8 NO NO NO CHANNEL 
667 133 5 NO NO NO CHANNEL 
733 80 9 NO NO NO CHANNEL 
1200 120 10 YES NO NO CHANNEL 
567 53 11 NO NO YES CHANNEL 
333 53 6 NO NO NO CHANNEL 
600 80 8 NO NO NO CHANNEL 
467 67 7 NO NO NO CHANNEL 
500 107 5 NO NO NO CHANNEL 
1167 187 6 YES YES NO CHANNEL 
900 67 14 NO NO YES CHANNEL 
1167 227 5 YES YES NO CHANNEL 
500 80 6 NO NO NO CHANNEL 
667 80 8 NO NO NO CHANNEL 
333 67 5 NO NO NO CHANNEL 
700 107 7 NO NO NO CHANNEL 
867 133 7 NO NO NO CHANNEL 
400 107 4 NO NO NO CHANNEL 
1067 147 7 YES NO NO CHANNEL 



















1400 187 8 YES YES NO CHANNEL 
2400 200 12 YES YES YES CANYON 
733 80 9 NO NO NO CHANNEL 
600 80 8 NO NO NO CHANNEL 
467 53 9 NO NO NO CHANNEL 
667 67 10 NO NO NO CHANNEL 
433 67 7 NO NO NO CHANNEL 
667 67 10 NO NO NO CHANNEL 
367 80 5 NO NO NO CHANNEL 
1200 53 23 YES NO YES CHANNEL 
833 107 8 NO NO NO CHANNEL 
1133 80 14 YES NO YES CHANNEL 
400 53 8 NO NO NO CHANNEL 
500 67 8 NO NO NO CHANNEL 
579 86 7 NO NO NO CHANNEL 
1184 55 22 YES NO YES CHANNEL 
947 39 24 NO NO YES CHANNEL 
447 109 4 NO NO NO CHANNEL 
789 39 20 NO NO YES CHANNEL 
2395 70 34 YES NO YES CHANNEL 
1711 94 18 YES NO YES CHANNEL 
816 70 12 NO NO YES CHANNEL 
895 55 16 NO NO YES CHANNEL 
368 39 9 NO NO NO CHANNEL 
395 39 10 NO NO YES CHANNEL 



















237 31 8 NO NO NO CHANNEL 
263 31 8 NO NO NO CHANNEL 
237 31 8 NO NO NO CHANNEL 
816 86 9 NO NO NO CHANNEL 
289 55 5 NO NO NO CHANNEL 
395 39 10 NO NO YES CHANNEL 
947 47 20 NO NO YES CHANNEL 
368 39 9 NO NO NO CHANNEL 
342 39 9 NO NO NO CHANNEL 
447 39 11 NO NO YES CHANNEL 
1289 55 24 YES NO YES CHANNEL 
1026 47 22 YES NO YES CHANNEL 
947 47 20 NO NO YES CHANNEL 
316 31 10 NO NO YES CHANNEL 
816 63 13 NO NO YES CHANNEL 
184 55 3 NO NO NO CHANNEL 
263 39 7 NO NO NO CHANNEL 
1000 78 13 YES NO YES CHANNEL 
974 86 11 NO NO YES CHANNEL 
316 55 6 NO NO NO CHANNEL 
895 55 16 NO NO YES CHANNEL 
526 63 8 NO NO NO CHANNEL 
1605 70 23 YES NO YES CHANNEL 
579 55 11 NO NO YES CHANNEL 
789 39 20 NO NO YES CHANNEL 



















289 39 7 NO NO NO CHANNEL 
289 39 7 NO NO NO CHANNEL 
816 78 10 NO NO YES CHANNEL 
421 39 11 NO NO YES CHANNEL 
289 31 9 NO NO NO CHANNEL 
474 47 10 NO NO YES CHANNEL 
474 39 12 NO NO YES CHANNEL 
184 31 6 NO NO NO CHANNEL 
579 39 15 NO NO YES CHANNEL 
474 31 15 NO NO YES CHANNEL 
447 31 14 NO NO YES CHANNEL 
500 47 11 NO NO YES CHANNEL 
763 55 14 NO NO YES CHANNEL 
211 47 4 NO NO NO CHANNEL 
526 70 7 NO NO NO CHANNEL 
342 31 11 NO NO YES CHANNEL 
789 63 13 NO NO YES CHANNEL 
921 78 12 NO NO YES CHANNEL 
342 39 9 NO NO NO CHANNEL 
289 31 9 NO NO NO CHANNEL 
211 31 7 NO NO NO CHANNEL 
526 39 13 NO NO YES CHANNEL 
316 39 8 NO NO NO CHANNEL 
289 39 7 NO NO NO CHANNEL 
316 39 8 NO NO NO CHANNEL 



















2158 70 31 YES NO YES CHANNEL 
447 31 14 NO NO YES CHANNEL 
1553 55 28 YES NO YES CHANNEL 
1100 47 23 YES NO YES CHANNEL 
1967 34 58 YES NO YES CHANNEL 
1300 61 21 YES NO YES CHANNEL 
533 34 16 NO NO YES CHANNEL 
1167 34 35 YES NO YES CHANNEL 
1100 47 23 YES NO YES CHANNEL 
300 27 11 NO NO YES CHANNEL 
900 61 15 NO NO YES CHANNEL 
400 41 10 NO NO NO CHANNEL 
967 81 12 NO NO YES CHANNEL 
567 41 14 NO NO YES CHANNEL 
1967 68 29 YES NO YES CHANNEL 
667 54 12 NO NO YES CHANNEL 
733 54 14 NO NO YES CHANNEL 
867 47 18 NO NO YES CHANNEL 
667 34 20 NO NO YES CHANNEL 
1033 47 22 YES NO YES CHANNEL 
1433 61 24 YES NO YES CHANNEL 
735 44 17 NO NO YES CHANNEL 
735 31 24 NO NO YES CHANNEL 
588 38 16 NO NO YES CHANNEL 
2059 63 33 YES NO YES CHANNEL 



















853 63 14 NO NO YES CHANNEL 
853 63 14 NO NO YES CHANNEL 
588 150 4 NO NO NO CHANNEL 
971 69 14 NO NO YES CHANNEL 
853 63 14 NO NO YES CHANNEL 
853 63 14 NO NO YES CHANNEL 
1324 69 19 YES NO YES CHANNEL 
618 44 14 NO NO YES CHANNEL 
853 50 17 NO NO YES CHANNEL 
1529 50 31 YES NO YES CHANNEL 
1118 44 26 YES NO YES CHANNEL 
912 38 24 NO NO YES CHANNEL 
353 38 9 NO NO NO CHANNEL 
441 31 14 NO NO YES CHANNEL 
1353 50 27 YES NO YES CHANNEL 
767 67 12 NO NO YES CHANNEL 
900 40 23 NO NO YES CHANNEL 
600 33 18 NO NO YES CHANNEL 
833 60 14 NO NO YES CHANNEL 
233 53 4 NO NO NO CHANNEL 
1767 40 44 YES NO YES CHANNEL 
667 60 11 NO NO YES CHANNEL 
600 40 15 NO NO YES CHANNEL 
2667 147 18 YES NO YES CHANNEL 
400 27 15 NO NO YES CHANNEL 



















333 40 8 NO NO NO CHANNEL 
1000 40 25 YES NO YES CHANNEL 
833 33 25 NO NO YES CHANNEL 
1033 47 22 YES NO YES CHANNEL 
667 113 6 NO NO NO CHANNEL 
1767 93 19 YES NO YES CHANNEL 
967 53 18 NO NO YES CHANNEL 
2300 47 49 YES NO YES CHANNEL 
733 40 18 NO NO YES CHANNEL 
1667 73 23 YES NO YES CHANNEL 
1962 109 18 YES NO YES CHANNEL 
462 47 10 NO NO NO CHANNEL 
1038 55 19 YES NO YES CHANNEL 
1000 70 14 YES NO YES CHANNEL 
654 39 17 NO NO YES CHANNEL 
1154 55 21 YES NO YES CHANNEL 
1346 78 17 YES NO YES CHANNEL 
846 63 14 NO NO YES CHANNEL 
577 39 15 NO NO YES CHANNEL 
962 63 15 NO NO YES CHANNEL 
577 86 7 NO NO NO CHANNEL 
846 78 11 NO NO YES CHANNEL 
615 39 16 NO NO YES CHANNEL 
1615 47 34 YES NO YES CHANNEL 
385 39 10 NO NO NO CHANNEL 



















577 39 15 NO NO YES CHANNEL 
846 55 15 NO NO YES CHANNEL 
769 39 20 NO NO YES CHANNEL 
2115 125 17 YES NO YES CHANNEL 
577 31 18 NO NO YES CHANNEL 
192 47 4 NO NO NO CHANNEL 
1038 102 10 YES NO YES CHANNEL 
769 47 16 NO NO YES CHANNEL 
1154 55 21 YES NO YES CHANNEL 
423 31 14 NO NO YES CHANNEL 
500 39 13 NO NO YES CHANNEL 
731 23 31 NO NO YES CHANNEL 
462 31 15 NO NO YES CHANNEL 
615 55 11 NO NO YES CHANNEL 
846 47 18 NO NO YES CHANNEL 
1000 55 18 YES NO YES CHANNEL 
2692 141 19 YES NO YES CHANNEL 
1154 47 25 YES NO YES CHANNEL 
2077 55 38 YES NO YES CHANNEL 
769 47 16 NO NO YES CHANNEL 
1077 39 28 YES NO YES CHANNEL 
962 39 25 NO NO YES CHANNEL 
769 39 20 NO NO YES CHANNEL 
2385 47 51 YES NO YES CHANNEL 
1308 23 56 YES NO YES CHANNEL 



















577 31 18 NO NO YES CHANNEL 
962 55 18 NO NO YES CHANNEL 
1115 55 20 YES NO YES CHANNEL 
1231 47 26 YES NO YES CHANNEL 
923 78 12 NO NO YES CHANNEL 
615 31 20 NO NO YES CHANNEL 
1115 39 29 YES NO YES CHANNEL 
231 47 5 NO NO NO CHANNEL 
615 31 20 NO NO YES CHANNEL 
654 39 17 NO NO YES CHANNEL 
1769 63 28 YES NO YES CHANNEL 
1808 78 23 YES NO YES CHANNEL 
1538 47 33 YES NO YES CHANNEL 
2000 109 18 YES NO YES CHANNEL 
692 70 10 NO NO NO CHANNEL 
423 31 14 NO NO YES CHANNEL 
654 55 12 NO NO YES CHANNEL 
500 23 21 NO NO YES CHANNEL 
769 55 14 NO NO YES CHANNEL 
846 39 22 NO NO YES CHANNEL 
1000 31 32 YES NO YES CHANNEL 
1000 31 32 YES NO YES CHANNEL 
2192 55 40 YES NO YES CHANNEL 
846 70 12 NO NO YES CHANNEL 
462 63 7 NO NO NO CHANNEL 



















846 39 22 NO NO YES CHANNEL 
1192 47 25 YES NO YES CHANNEL 
1615 94 17 YES NO YES CHANNEL 
615 39 16 NO NO YES CHANNEL 
346 39 9 NO NO NO CHANNEL 
1077 70 15 YES NO YES CHANNEL 
1115 55 20 YES NO YES CHANNEL 
654 31 21 NO NO YES CHANNEL 
654 39 17 NO NO YES CHANNEL 
1192 47 25 YES NO YES CHANNEL 
1500 63 24 YES NO YES CHANNEL 
2462 63 39 YES NO YES CHANNEL 
2115 63 34 YES NO YES CHANNEL 
1154 86 13 YES NO YES CHANNEL 
1038 70 15 YES NO YES CHANNEL 
500 47 11 NO NO YES CHANNEL 
2538 86 30 YES NO YES CHANNEL 
423 31 14 NO NO YES CHANNEL 
269 31 9 NO NO NO CHANNEL 
615 47 13 NO NO YES CHANNEL 
654 39 17 NO NO YES CHANNEL 
423 39 11 NO NO YES CHANNEL 
385 39 10 NO NO NO CHANNEL 
1538 70 22 YES NO YES CHANNEL 
2000 55 37 YES NO YES CHANNEL 



















577 31 18 NO NO YES CHANNEL 
1115 39 29 YES NO YES CHANNEL 
1154 55 21 YES NO YES CHANNEL 
1308 70 19 YES NO YES CHANNEL 
769 47 16 NO NO YES CHANNEL 
385 47 8 NO NO NO CHANNEL 
846 47 18 NO NO YES CHANNEL 
769 133 6 NO NO NO CHANNEL 
885 63 14 NO NO YES CHANNEL 
423 31 14 NO NO YES CHANNEL 
577 39 15 NO NO YES CHANNEL 
2346 47 50 YES NO YES CHANNEL 
654 39 17 NO NO YES CHANNEL 
1231 47 26 YES NO YES CHANNEL 
615 47 13 NO NO YES CHANNEL 
3115 133 23 YES NO YES CHANNEL 
2346 47 50 YES NO YES CHANNEL 
1115 78 14 YES NO YES CHANNEL 
1231 78 16 YES NO YES CHANNEL 
962 31 31 NO NO YES CHANNEL 
1038 47 22 YES NO YES CHANNEL 
346 39 9 NO NO NO CHANNEL 
1500 39 38 YES NO YES CHANNEL 
1346 55 25 YES NO YES CHANNEL 
1538 70 22 YES NO YES CHANNEL 



















731 55 13 NO NO YES CHANNEL 
1154 55 21 YES NO YES CHANNEL 
1615 70 23 YES NO YES CHANNEL 
3423 102 34 YES NO YES CHANNEL 
4462 117 38 YES NO YES CHANNEL 
769 47 16 NO NO YES CHANNEL 
923 55 17 NO NO YES CHANNEL 
1038 47 22 YES NO YES CHANNEL 
654 39 17 NO NO YES CHANNEL 
1115 63 18 YES NO YES CHANNEL 
462 39 12 NO NO YES CHANNEL 
385 31 12 NO NO YES CHANNEL 
462 39 12 NO NO YES CHANNEL 
385 47 8 NO NO NO CHANNEL 
2423 78 31 YES NO YES CHANNEL 
654 55 12 NO NO YES CHANNEL 
1192 47 25 YES NO YES CHANNEL 
1308 47 28 YES NO YES CHANNEL 
3885 172 23 YES NO YES CHANNEL 
808 55 15 NO NO YES CHANNEL 
577 55 11 NO NO YES CHANNEL 
1192 117 10 YES NO YES CHANNEL 
962 23 41 NO NO YES CHANNEL 
269 39 7 NO NO NO CHANNEL 
1115 102 11 YES NO YES CHANNEL 



















423 31 14 NO NO YES CHANNEL 
1115 47 24 YES NO YES CHANNEL 
462 31 15 NO NO YES CHANNEL 
385 23 16 NO NO YES CHANNEL 
577 31 18 NO NO YES CHANNEL 
846 47 18 NO NO YES CHANNEL 
1000 39 26 YES NO YES CHANNEL 
4346 141 31 YES NO YES CHANNEL 
769 39 20 NO NO YES CHANNEL 
1500 141 11 YES NO YES CHANNEL 
1346 39 34 YES NO YES CHANNEL 
615 31 20 NO NO YES CHANNEL 
308 23 13 NO NO YES CHANNEL 
769 55 14 NO NO YES CHANNEL 
538 39 14 NO NO YES CHANNEL 
231 31 7 NO NO NO CHANNEL 
692 39 18 NO NO YES CHANNEL 
1269 94 14 YES NO YES CHANNEL 
231 31 7 NO NO NO CHANNEL 
423 55 8 NO NO NO CHANNEL 
808 47 17 NO NO YES CHANNEL 
962 70 14 NO NO YES CHANNEL 
1154 55 21 YES NO YES CHANNEL 
1923 63 31 YES NO YES CHANNEL 
1038 63 17 YES NO YES CHANNEL 



















1462 47 31 YES NO YES CHANNEL 
654 63 10 NO NO YES CHANNEL 
2000 102 20 YES NO YES CHANNEL 
2885 78 37 YES NO YES CHANNEL 
231 31 7 NO NO NO CHANNEL 
1192 86 14 YES NO YES CHANNEL 
1038 63 17 YES NO YES CHANNEL 
1115 86 13 YES NO YES CHANNEL 
1154 63 18 YES NO YES CHANNEL 
1000 39 26 YES NO YES CHANNEL 
1462 109 13 YES NO YES CHANNEL 
385 23 16 NO NO YES CHANNEL 
1154 31 37 YES NO YES CHANNEL 
308 31 10 NO NO NO CHANNEL 
769 31 25 NO NO YES CHANNEL 
1385 39 35 YES NO YES CHANNEL 
615 31 20 NO NO YES CHANNEL 
4269 141 30 YES NO YES CHANNEL 
731 39 19 NO NO YES CHANNEL 
1500 141 11 YES NO YES CHANNEL 
1346 125 11 YES NO YES CHANNEL 
654 31 21 NO NO YES CHANNEL 
308 23 13 NO NO YES CHANNEL 
769 47 16 NO NO YES CHANNEL 
577 39 15 NO NO YES CHANNEL 



















654 47 14 NO NO YES CHANNEL 
1154 94 12 YES NO YES CHANNEL 
269 39 7 NO NO NO CHANNEL 
423 55 8 NO NO NO CHANNEL 
808 55 15 NO NO YES CHANNEL 
269 31 9 NO NO NO CHANNEL 
769 47 16 NO NO YES CHANNEL 
577 31 18 NO NO YES CHANNEL 
962 78 12 NO NO YES CHANNEL 
1154 55 21 YES NO YES CHANNEL 
1923 63 31 YES NO YES CHANNEL 
846 63 14 NO NO YES CHANNEL 
1500 47 32 YES NO YES CHANNEL 
1500 47 32 YES NO YES CHANNEL 
654 55 12 NO NO YES CHANNEL 
2000 102 20 YES NO YES CHANNEL 
2923 94 31 YES NO YES CHANNEL 
1154 86 13 YES NO YES CHANNEL 
1154 55 21 YES NO YES CHANNEL 
192 23 8 NO NO NO CHANNEL 
1192 94 13 YES NO YES CHANNEL 
1038 63 17 YES NO YES CHANNEL 
385 39 10 NO NO NO CHANNEL 
1538 109 14 YES NO YES CHANNEL 
423 23 18 NO NO YES CHANNEL 



















1077 55 20 YES NO YES CHANNEL 
1000 31 32 YES NO YES CHANNEL 
769 23 33 NO NO YES CHANNEL 
1423 39 36 YES NO YES CHANNEL 
577 23 25 NO NO YES CHANNEL 
769 63 12 NO NO YES CHANNEL 
731 78 9 NO NO NO CHANNEL 
462 55 8 NO NO NO CHANNEL 
1577 94 17 YES NO YES CHANNEL 
1885 94 20 YES NO YES CHANNEL 
731 31 23 NO NO YES CHANNEL 
615 55 11 NO NO YES CHANNEL 
1154 109 11 YES NO YES CHANNEL 
1192 109 11 YES NO YES CHANNEL 
423 55 8 NO NO NO CHANNEL 
1231 70 18 YES NO YES CHANNEL 
577 31 18 NO NO YES CHANNEL 
1115 70 16 YES NO YES CHANNEL 
1385 78 18 YES NO YES CHANNEL 
1731 117 15 YES NO YES CHANNEL 
654 23 28 NO NO YES CHANNEL 
692 70 10 NO NO NO CHANNEL 
1192 94 13 YES NO YES CHANNEL 
923 117 8 NO NO NO CHANNEL 
1115 39 29 YES NO YES CHANNEL 



















462 23 20 NO NO YES CHANNEL 
692 109 6 NO NO NO CHANNEL 
615 39 16 NO NO YES CHANNEL 
1462 109 13 YES NO YES CHANNEL 
962 70 14 NO NO YES CHANNEL 
231 31 7 NO NO NO CHANNEL 
385 31 12 NO NO YES CHANNEL 
462 39 12 NO NO YES CHANNEL 
1500 55 27 YES NO YES CHANNEL 
3077 102 30 YES NO YES CHANNEL 
3077 94 33 YES NO YES CHANNEL 
2500 94 27 YES NO YES CHANNEL 
731 39 19 NO NO YES CHANNEL 
1269 63 20 YES NO YES CHANNEL 
1154 55 21 YES NO YES CHANNEL 
1000 63 16 YES NO YES CHANNEL 
2308 94 25 YES NO YES CHANNEL 
731 39 19 NO NO YES CHANNEL 
846 47 18 NO NO YES CHANNEL 
654 23 28 NO NO YES CHANNEL 
731 55 13 NO NO YES CHANNEL 
1154 117 10 YES NO NO CHANNEL 
731 31 23 NO NO YES CHANNEL 
423 47 9 NO NO NO CHANNEL 
462 23 20 NO NO YES CHANNEL 



















2769 117 24 YES NO YES CHANNEL 
423 47 9 NO NO NO CHANNEL 
731 86 9 NO NO NO CHANNEL 
308 16 20 NO NO YES CHANNEL 
1192 70 17 YES NO YES CHANNEL 
577 31 18 NO NO YES CHANNEL 
462 23 20 NO NO YES CHANNEL 
808 102 8 NO NO NO CHANNEL 
769 47 16 NO NO YES CHANNEL 
269 23 11 NO NO YES CHANNEL 
846 86 10 NO NO NO CHANNEL 
615 63 10 NO NO NO CHANNEL 
615 55 11 NO NO YES CHANNEL 
500 78 6 NO NO NO CHANNEL 
846 63 14 NO NO YES CHANNEL 
615 55 11 NO NO YES CHANNEL 
1346 55 25 YES NO YES CHANNEL 
962 47 21 NO NO YES CHANNEL 
1654 55 30 YES NO YES CHANNEL 
1462 47 31 YES NO YES CHANNEL 
1077 39 28 YES NO YES CHANNEL 
231 23 10 NO NO NO CHANNEL 
1231 86 14 YES NO YES CHANNEL 
1038 78 13 YES NO YES CHANNEL 
962 39 25 NO NO YES CHANNEL 



















1538 156 10 YES NO NO CHANNEL 
769 47 16 NO NO YES CHANNEL 
1346 39 34 YES NO YES CHANNEL 
1615 70 23 YES NO YES CHANNEL 
615 23 26 NO NO YES CHANNEL 
2308 109 21 YES NO YES CHANNEL 
769 86 9 NO NO NO CHANNEL 
731 63 12 NO NO YES CHANNEL 
769 63 12 NO NO YES CHANNEL 
308 47 7 NO NO NO CHANNEL 
846 109 8 NO NO NO CHANNEL 
462 23 20 NO NO YES CHANNEL 
1385 55 25 YES NO YES CHANNEL 
577 31 18 NO NO YES CHANNEL 
1346 55 25 YES NO YES CHANNEL 
2500 94 27 YES NO YES CHANNEL 
1346 63 22 YES NO YES CHANNEL 
615 78 8 NO NO NO CHANNEL 
1538 164 9 YES NO NO CHANNEL 
1769 125 14 YES NO YES CHANNEL 
654 39 17 NO NO YES CHANNEL 
846 55 15 NO NO YES CHANNEL 
1000 63 16 YES NO YES CHANNEL 
269 31 9 NO NO NO CHANNEL 
1192 125 10 YES NO NO CHANNEL 



















385 31 12 NO NO YES CHANNEL 
385 39 10 NO NO NO CHANNEL 
1346 47 29 YES NO YES CHANNEL 
1038 39 27 YES NO YES CHANNEL 
2385 47 51 YES NO YES CHANNEL 
462 39 12 NO NO YES CHANNEL 
808 31 26 NO NO YES CHANNEL 
1231 156 8 YES NO NO CHANNEL 
769 109 7 NO NO NO CHANNEL 
846 70 12 NO NO YES CHANNEL 
885 125 7 NO NO NO CHANNEL 
577 31 18 NO NO YES CHANNEL 
1269 94 14 YES NO YES CHANNEL 
423 39 11 NO NO YES CHANNEL 
615 23 26 NO NO YES CHANNEL 
885 31 28 NO NO YES CHANNEL 
269 31 9 NO NO NO CHANNEL 
962 78 12 NO NO YES CHANNEL 
923 39 24 NO NO YES CHANNEL 
1077 55 20 YES NO YES CHANNEL 
1154 63 18 YES NO YES CHANNEL 
1500 188 8 YES YES NO CHANNEL 
1077 133 8 YES NO NO CHANNEL 
385 70 5 NO NO NO CHANNEL 
308 39 8 NO NO NO CHANNEL 



















731 86 9 NO NO NO CHANNEL 
1385 70 20 YES NO YES CHANNEL 
385 31 12 NO NO YES CHANNEL 
1154 125 9 YES NO NO CHANNEL 
654 31 21 NO NO YES CHANNEL 
846 63 14 NO NO YES CHANNEL 
1192 86 14 YES NO YES CHANNEL 
462 70 7 NO NO NO CHANNEL 
654 39 17 NO NO YES CHANNEL 
654 78 8 NO NO NO CHANNEL 
1000 55 18 YES NO YES CHANNEL 
423 47 9 NO NO NO CHANNEL 
846 55 15 NO NO YES CHANNEL 
1077 102 11 YES NO YES CHANNEL 
423 39 11 NO NO YES CHANNEL 
769 47 16 NO NO YES CHANNEL 
1038 117 9 YES NO NO CHANNEL 
1000 117 9 YES NO NO CHANNEL 
769 55 14 NO NO YES CHANNEL 
385 23 16 NO NO YES CHANNEL 
2500 117 21 YES NO YES CHANNEL 
1346 78 17 YES NO YES CHANNEL 
500 31 16 NO NO YES CHANNEL 
1385 164 8 YES NO NO CHANNEL 
462 47 10 NO NO NO CHANNEL 



















769 55 14 NO NO YES CHANNEL 
1077 109 10 YES NO NO CHANNEL 
962 39 25 NO NO YES CHANNEL 
538 39 14 NO NO YES CHANNEL 
1192 117 10 YES NO YES CHANNEL 
269 31 9 NO NO NO CHANNEL 
577 39 15 NO NO YES CHANNEL 
615 55 11 NO NO YES CHANNEL 
654 70 9 NO NO NO CHANNEL 
385 47 8 NO NO NO CHANNEL 
846 47 18 NO NO YES CHANNEL 
962 55 18 NO NO YES CHANNEL 
769 94 8 NO NO NO CHANNEL 
577 63 9 NO NO NO CHANNEL 
269 23 11 NO NO YES CHANNEL 
192 23 8 NO NO NO CHANNEL 
577 47 12 NO NO YES CHANNEL 
885 47 19 NO NO YES CHANNEL 
2231 117 19 YES NO YES CHANNEL 
1385 78 18 YES NO YES CHANNEL 
1154 55 21 YES NO YES CHANNEL 
1192 156 8 YES NO NO CHANNEL 
1077 102 11 YES NO YES CHANNEL 
731 39 19 NO NO YES CHANNEL 
1115 63 18 YES NO YES CHANNEL 



















1385 102 14 YES NO YES CHANNEL 
577 78 7 NO NO NO CHANNEL 
1154 55 21 YES NO YES CHANNEL 
577 70 8 NO NO NO CHANNEL 
500 31 16 NO NO YES CHANNEL 
231 31 7 NO NO NO CHANNEL 
423 39 11 NO NO YES CHANNEL 
423 63 7 NO NO NO CHANNEL 
269 23 11 NO NO YES CHANNEL 
346 39 9 NO NO NO CHANNEL 
962 39 25 NO NO YES CHANNEL 
769 39 20 NO NO YES CHANNEL 
308 23 13 NO NO YES CHANNEL 
923 141 7 NO NO NO CHANNEL 
385 39 10 NO NO NO CHANNEL 
423 39 11 NO NO YES CHANNEL 
385 39 10 NO NO NO CHANNEL 
346 23 15 NO NO YES CHANNEL 
462 70 7 NO NO NO CHANNEL 
308 23 13 NO NO YES CHANNEL 
500 55 9 NO NO NO CHANNEL 
769 39 20 NO NO YES CHANNEL 
1000 39 26 YES NO YES CHANNEL 
1308 109 12 YES NO YES CHANNEL 
654 55 12 NO NO YES CHANNEL 



















1346 56 24 YES NO YES CHANNEL 
385 19 21 NO NO YES CHANNEL 
231 19 12 NO NO YES CHANNEL 
269 13 22 NO NO YES CHANNEL 
654 44 15 NO NO YES CHANNEL 
962 63 15 NO NO YES CHANNEL 
1231 81 15 YES NO YES CHANNEL 
1077 94 11 YES NO YES CHANNEL 
1308 56 23 YES NO YES CHANNEL 
423 19 23 NO NO YES CHANNEL 
1500 100 15 YES NO YES CHANNEL 
346 19 18 NO NO YES CHANNEL 
538 75 7 NO NO NO CHANNEL 
1077 56 19 YES NO YES CHANNEL 
1615 138 12 YES NO YES CHANNEL 
1154 38 31 YES NO YES CHANNEL 
385 38 10 NO NO YES CHANNEL 
1192 44 27 YES NO YES CHANNEL 
1346 88 15 YES NO YES CHANNEL 
1231 56 22 YES NO YES CHANNEL 
923 31 30 NO NO YES CHANNEL 
1154 38 31 YES NO YES CHANNEL 
846 50 17 NO NO YES CHANNEL 
385 38 10 NO NO YES CHANNEL 
1115 31 36 YES NO YES CHANNEL 



















423 31 14 NO NO YES CHANNEL 
536 36 15 NO NO YES CHANNEL 
1464 57 26 YES NO YES CHANNEL 
1250 107 12 YES NO YES CHANNEL 
1214 129 9 YES NO NO CHANNEL 
357 36 10 NO NO NO CHANNEL 
607 50 12 NO NO YES CHANNEL 
714 86 8 NO NO NO CHANNEL 
714 57 13 NO NO YES CHANNEL 
357 43 8 NO NO NO CHANNEL 
750 36 21 NO NO YES CHANNEL 
393 50 8 NO NO NO CHANNEL 
893 36 25 NO NO YES CHANNEL 
393 21 18 NO NO YES CHANNEL 
1393 121 11 YES NO YES CHANNEL 
786 93 8 NO NO NO CHANNEL 
536 36 15 NO NO YES CHANNEL 
786 36 22 NO NO YES CHANNEL 
357 29 13 NO NO YES CHANNEL 
1286 129 10 YES NO NO CHANNEL 
536 50 11 NO NO YES CHANNEL 
786 50 16 NO NO YES CHANNEL 
429 21 20 NO NO YES CHANNEL 
464 86 5 NO NO NO CHANNEL 
929 107 9 NO NO NO CHANNEL 



















929 43 22 NO NO YES CHANNEL 
1071 107 10 YES NO NO CHANNEL 
786 79 10 NO NO NO CHANNEL 
1036 71 15 YES NO YES CHANNEL 
893 57 16 NO NO YES CHANNEL 
1429 143 10 YES NO NO CHANNEL 
536 57 9 NO NO NO CHANNEL 
500 21 23 NO NO YES CHANNEL 
1429 157 9 YES NO NO CHANNEL 
714 29 25 NO NO YES CHANNEL 
250 50 5 NO NO NO CHANNEL 
893 64 14 NO NO YES CHANNEL 
536 50 11 NO NO YES CHANNEL 
214 21 10 NO NO NO CHANNEL 
536 64 8 NO NO NO CHANNEL 
1500 114 13 YES NO YES CHANNEL 
786 43 18 NO NO YES CHANNEL 
893 29 31 NO NO YES CHANNEL 
214 21 10 NO NO NO CHANNEL 
714 50 14 NO NO YES CHANNEL 
429 64 7 NO NO NO CHANNEL 
357 43 8 NO NO NO CHANNEL 
821 93 9 NO NO NO CHANNEL 
821 93 9 NO NO NO CHANNEL 
2500 107 23 YES NO YES CHANNEL 



















750 129 6 NO NO NO CHANNEL 
714 29 25 NO NO YES CHANNEL 
429 29 15 NO NO YES CHANNEL 
536 43 13 NO NO YES CHANNEL 
643 71 9 NO NO NO CHANNEL 
393 36 11 NO NO YES CHANNEL 
536 79 7 NO NO NO CHANNEL 
571 36 16 NO NO YES CHANNEL 
1071 71 15 YES NO YES CHANNEL 
1036 71 15 YES NO YES CHANNEL 
429 50 9 NO NO NO CHANNEL 
1071 50 21 YES NO YES CHANNEL 
393 36 11 NO NO YES CHANNEL 
1071 86 13 YES NO YES CHANNEL 
1071 43 25 YES NO YES CHANNEL 
1143 64 18 YES NO YES CHANNEL 
2250 86 26 YES NO YES CHANNEL 
714 79 9 NO NO NO CHANNEL 
357 43 8 NO NO NO CHANNEL 
893 57 16 NO NO YES CHANNEL 
393 21 18 NO NO YES CHANNEL 
214 36 6 NO NO NO CHANNEL 
357 43 8 NO NO NO CHANNEL 
286 36 8 NO NO NO CHANNEL 
714 86 8 NO NO NO CHANNEL 



















393 36 11 NO NO YES CHANNEL 
321 29 11 NO NO YES CHANNEL 
571 71 8 NO NO NO CHANNEL 
1036 107 10 YES NO NO CHANNEL 
357 29 13 NO NO YES CHANNEL 
286 50 6 NO NO NO CHANNEL 
1071 129 8 YES NO NO CHANNEL 
1143 79 15 YES NO YES CHANNEL 
786 36 22 NO NO YES CHANNEL 
1071 57 19 YES NO YES CHANNEL 
643 86 8 NO NO NO CHANNEL 
1250 50 25 YES NO YES CHANNEL 
2857 129 22 YES NO YES CHANNEL 
214 29 8 NO NO NO CHANNEL 
357 29 13 NO NO YES CHANNEL 
571 43 13 NO NO YES CHANNEL 
1107 57 19 YES NO YES CHANNEL 
821 86 10 NO NO NO CHANNEL 
429 29 15 NO NO YES CHANNEL 
393 21 18 NO NO YES CHANNEL 
1000 57 18 YES NO YES CHANNEL 
214 21 10 NO NO NO CHANNEL 
500 71 7 NO NO NO CHANNEL 
679 71 10 NO NO NO CHANNEL 
607 29 21 NO NO YES CHANNEL 



















1393 121 11 YES NO YES CHANNEL 
1286 107 12 YES NO YES CHANNEL 
679 43 16 NO NO YES CHANNEL 
679 64 11 NO NO YES CHANNEL 
536 29 19 NO NO YES CHANNEL 
179 14 13 NO NO YES CHANNEL 
429 36 12 NO NO YES CHANNEL 
571 43 13 NO NO YES CHANNEL 
1500 93 16 YES NO YES CHANNEL 
2000 114 18 YES NO YES CHANNEL 
536 57 9 NO NO NO CHANNEL 
607 36 17 NO NO YES CHANNEL 
1107 36 31 YES NO YES CHANNEL 
1286 71 18 YES NO YES CHANNEL 
536 36 15 NO NO YES CHANNEL 
750 79 10 NO NO NO CHANNEL 
536 29 19 NO NO YES CHANNEL 
1000 114 9 YES NO NO CHANNEL 
893 114 8 NO NO NO CHANNEL 
1857 79 24 YES NO YES CHANNEL 
857 36 24 NO NO YES CHANNEL 
250 21 12 NO NO YES CHANNEL 
1429 107 13 YES NO YES CHANNEL 
393 36 11 NO NO YES CHANNEL 
500 21 23 NO NO YES CHANNEL 



















571 50 11 NO NO YES CHANNEL 
2500 164 15 YES NO YES CHANNEL 
2464 143 17 YES NO YES CHANNEL 
2286 93 25 YES NO YES CHANNEL 
929 100 9 NO NO NO CHANNEL 
929 50 19 NO NO YES CHANNEL 
786 36 22 NO NO YES CHANNEL 
500 21 23 NO NO YES CHANNEL 
1000 43 23 YES NO YES CHANNEL 
893 71 13 NO NO YES CHANNEL 
929 79 12 NO NO YES CHANNEL 
679 43 16 NO NO YES CHANNEL 
750 79 10 NO NO NO CHANNEL 
536 36 15 NO NO YES CHANNEL 
1429 107 13 YES NO YES CHANNEL 
1607 79 20 YES NO YES CHANNEL 
1500 164 9 YES NO NO CHANNEL 
393 43 9 NO NO NO CHANNEL 
500 36 14 NO NO YES CHANNEL 
429 50 9 NO NO NO CHANNEL 
429 29 15 NO NO YES CHANNEL 
2321 164 14 YES NO YES CHANNEL 
1893 86 22 YES NO YES CHANNEL 
893 64 14 NO NO YES CHANNEL 
429 50 9 NO NO NO CHANNEL 



















1071 50 21 YES NO YES CHANNEL 
893 36 25 NO NO YES CHANNEL 
1679 93 18 YES NO YES CHANNEL 
357 36 10 NO NO NO CHANNEL 
1393 93 15 YES NO YES CHANNEL 
714 79 9 NO NO NO CHANNEL 
750 57 13 NO NO YES CHANNEL 
1286 100 13 YES NO YES CHANNEL 
607 50 12 NO NO YES CHANNEL 
429 50 9 NO NO NO CHANNEL 
536 71 8 NO NO NO CHANNEL 
1286 57 23 YES NO YES CHANNEL 
429 36 12 NO NO YES CHANNEL 
464 64 7 NO NO NO CHANNEL 
1286 107 12 YES NO YES CHANNEL 
2321 171 14 YES NO YES CHANNEL 
4071 143 29 YES NO YES CHANNEL 
2321 107 22 YES NO YES CHANNEL 
893 36 25 NO NO YES CHANNEL 
500 43 12 NO NO YES CHANNEL 
857 86 10 NO NO NO CHANNEL 
714 50 14 NO NO YES CHANNEL 
1464 79 19 YES NO YES CHANNEL 
2000 79 25 YES NO YES CHANNEL 
1429 43 33 YES NO YES CHANNEL 



















1964 150 13 YES NO YES CHANNEL 
2071 164 13 YES NO YES CHANNEL 
2179 100 22 YES NO YES CHANNEL 
750 43 18 NO NO YES CHANNEL 
393 36 11 NO NO YES CHANNEL 
643 57 11 NO NO YES CHANNEL 
1286 57 23 YES NO YES CHANNEL 
1857 100 19 YES NO YES CHANNEL 
286 29 10 NO NO NO CHANNEL 
1000 50 20 YES NO YES CHANNEL 
786 43 18 NO NO YES CHANNEL 
1071 43 25 YES NO YES CHANNEL 
2143 50 43 YES NO YES CHANNEL 
607 21 28 NO NO YES CHANNEL 
1250 64 19 YES NO YES CHANNEL 
1643 71 23 YES NO YES CHANNEL 
1500 50 30 YES NO YES CHANNEL 
357 43 8 NO NO NO CHANNEL 
250 21 12 NO NO YES CHANNEL 
571 50 11 NO NO YES CHANNEL 
714 50 14 NO NO YES CHANNEL 
1964 64 31 YES NO YES CHANNEL 
1071 86 13 YES NO YES CHANNEL 
1071 64 17 YES NO YES CHANNEL 
1143 71 16 YES NO YES CHANNEL 



















1429 93 15 YES NO YES CHANNEL 
714 36 20 NO NO YES CHANNEL 
1500 86 18 YES NO YES CHANNEL 
1500 93 16 YES NO YES CHANNEL 
1786 50 36 YES NO YES CHANNEL 
2893 100 29 YES NO YES CHANNEL 
214 29 8 NO NO NO CHANNEL 
714 43 17 NO NO YES CHANNEL 
893 43 21 NO NO YES CHANNEL 
1071 57 19 YES NO YES CHANNEL 
643 50 13 NO NO YES CHANNEL 
536 43 13 NO NO YES CHANNEL 
393 64 6 NO NO NO CHANNEL 
750 43 18 NO NO YES CHANNEL 
1250 36 35 YES NO YES CHANNEL 
1071 57 19 YES NO YES CHANNEL 
1786 57 31 YES NO YES CHANNEL 
1536 86 18 YES NO YES CHANNEL 
429 36 12 NO NO YES CHANNEL 
786 21 37 NO NO YES CHANNEL 
357 29 13 NO NO YES CHANNEL 
1250 57 22 YES NO YES CHANNEL 
1393 107 13 YES NO YES CHANNEL 
750 43 18 NO NO YES CHANNEL 
821 93 9 NO NO NO CHANNEL 



















1429 100 14 YES NO YES CHANNEL 
893 57 16 NO NO YES CHANNEL 
179 21 8 NO NO NO CHANNEL 
714 50 14 NO NO YES CHANNEL 
357 29 13 NO NO YES CHANNEL 
536 50 11 NO NO YES CHANNEL 
893 50 18 NO NO YES CHANNEL 
571 21 27 NO NO YES CHANNEL 
1286 43 30 YES NO YES CHANNEL 
607 43 14 NO NO YES CHANNEL 
1071 43 25 YES NO YES CHANNEL 
607 57 11 NO NO YES CHANNEL 
679 21 32 NO NO YES CHANNEL 
679 36 19 NO NO YES CHANNEL 
821 36 23 NO NO YES CHANNEL 
536 29 19 NO NO YES CHANNEL 
1107 57 19 YES NO YES CHANNEL 
1071 57 19 YES NO YES CHANNEL 
1429 121 12 YES NO YES CHANNEL 
1393 43 33 YES NO YES CHANNEL 
393 29 14 NO NO YES CHANNEL 
214 21 10 NO NO NO CHANNEL 
1393 57 24 YES NO YES CHANNEL 
4179 107 39 YES NO YES CHANNEL 
964 29 34 NO NO YES CHANNEL 



















357 21 17 NO NO YES CHANNEL 
250 21 12 NO NO YES CHANNEL 
179 21 8 NO NO NO CHANNEL 
464 29 16 NO NO YES CHANNEL 
1429 36 40 YES NO YES CHANNEL 
893 43 21 NO NO YES CHANNEL 
1964 93 21 YES NO YES CHANNEL 
1071 57 19 YES NO YES CHANNEL 
714 50 14 NO NO YES CHANNEL 
1357 64 21 YES NO YES CHANNEL 
643 29 23 NO NO YES CHANNEL 
464 43 11 NO NO YES CHANNEL 
429 21 20 NO NO YES CHANNEL 
1500 114 13 YES NO YES CHANNEL 
1071 50 21 YES NO YES CHANNEL 
2214 121 18 YES NO YES CHANNEL 
1143 57 20 YES NO YES CHANNEL 
536 36 15 NO NO YES CHANNEL 
1143 86 13 YES NO YES CHANNEL 
893 71 13 NO NO YES CHANNEL 
786 57 14 NO NO YES CHANNEL 
536 29 19 NO NO YES CHANNEL 
1500 36 42 YES NO YES CHANNEL 
1786 100 18 YES NO YES CHANNEL 
250 21 12 NO NO YES CHANNEL 



















893 36 25 NO NO YES CHANNEL 
1071 71 15 YES NO YES CHANNEL 
571 36 16 NO NO YES CHANNEL 
536 36 15 NO NO YES CHANNEL 
643 43 15 NO NO YES CHANNEL 
2143 107 20 YES NO YES CHANNEL 
2179 150 15 YES NO YES CHANNEL 
429 21 20 NO NO YES CHANNEL 
571 36 16 NO NO YES CHANNEL 
929 57 16 NO NO YES CHANNEL 
1607 93 17 YES NO YES CHANNEL 
357 57 6 NO NO NO CHANNEL 
500 64 8 NO NO NO CHANNEL 
2000 86 23 YES NO YES CHANNEL 
1429 136 11 YES NO YES CHANNEL 
1250 36 35 YES NO YES CHANNEL 
714 50 14 NO NO YES CHANNEL 
3286 136 24 YES NO YES CHANNEL 
893 57 16 NO NO YES CHANNEL 
714 43 17 NO NO YES CHANNEL 
429 43 10 NO NO NO CHANNEL 
464 43 11 NO NO YES CHANNEL 
214 36 6 NO NO NO CHANNEL 
393 43 9 NO NO NO CHANNEL 
357 50 7 NO NO NO CHANNEL 



















1071 36 30 YES NO YES CHANNEL 
393 29 14 NO NO YES CHANNEL 
429 29 15 NO NO YES CHANNEL 
1500 57 26 YES NO YES CHANNEL 
536 57 9 NO NO NO CHANNEL 
393 50 8 NO NO NO CHANNEL 
1214 79 15 YES NO YES CHANNEL 
714 50 14 NO NO YES CHANNEL 
1071 86 13 YES NO YES CHANNEL 
1107 121 9 YES NO NO CHANNEL 
536 57 9 NO NO NO CHANNEL 
286 36 8 NO NO NO CHANNEL 
929 121 8 NO NO NO CHANNEL 
786 36 22 NO NO YES CHANNEL 
1250 50 25 YES NO YES CHANNEL 
1071 43 25 YES NO YES CHANNEL 
2222 100 22 YES NO YES CHANNEL 
833 78 11 NO NO YES CHANNEL 
1306 122 11 YES NO YES CHANNEL 
1111 78 14 YES NO YES CHANNEL 
278 28 10 NO NO NO CHANNEL 
1083 83 13 YES NO YES CHANNEL 
1111 39 29 YES NO YES CHANNEL 
889 50 18 NO NO YES CHANNEL 
861 111 8 NO NO NO CHANNEL 



















806 39 21 NO NO YES CHANNEL 
750 33 23 NO NO YES CHANNEL 
1167 50 23 YES NO YES CHANNEL 
722 33 22 NO NO YES CHANNEL 
1389 83 17 YES NO YES CHANNEL 
972 111 9 NO NO NO CHANNEL 
611 56 11 NO NO YES CHANNEL 
611 28 22 NO NO YES CHANNEL 
1250 56 23 YES NO YES CHANNEL 
1250 39 32 YES NO YES CHANNEL 
444 39 11 NO NO YES CHANNEL 
167 28 6 NO NO NO CHANNEL 
972 67 15 NO NO YES CHANNEL 
639 56 12 NO NO YES CHANNEL 
778 122 6 NO NO NO CHANNEL 
444 56 8 NO NO NO CHANNEL 
389 72 5 NO NO NO CHANNEL 
167 17 10 NO NO NO CHANNEL 
278 39 7 NO NO NO CHANNEL 
1194 44 27 YES NO YES CHANNEL 
1056 39 27 YES NO YES CHANNEL 
1389 78 18 YES NO YES CHANNEL 
556 33 17 NO NO YES CHANNEL 
333 28 12 NO NO YES CHANNEL 
1667 100 17 YES NO YES CHANNEL 



















861 72 12 NO NO YES CHANNEL 
417 33 13 NO NO YES CHANNEL 
833 39 21 NO NO YES CHANNEL 
417 33 13 NO NO YES CHANNEL 
1111 72 15 YES NO YES CHANNEL 
944 39 24 NO NO YES CHANNEL 
361 33 11 NO NO YES CHANNEL 
417 28 15 NO NO YES CHANNEL 
833 39 21 NO NO YES CHANNEL 
722 39 19 NO NO YES CHANNEL 
500 44 11 NO NO YES CHANNEL 
278 22 13 NO NO YES CHANNEL 
972 56 18 NO NO YES CHANNEL 
1806 139 13 YES NO YES CHANNEL 
722 50 14 NO NO YES CHANNEL 
694 56 13 NO NO YES CHANNEL 
611 33 18 NO NO YES CHANNEL 
1111 61 18 YES NO YES CHANNEL 
361 22 16 NO NO YES CHANNEL 
2929 205 14 YES YES YES CANYON 
3615 288 13 YES YES YES CANYON 
3692 258 14 YES YES YES CANYON 
3615 227 16 YES YES YES CANYON 
 
 
